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PREFACE 


“Highway Surveying and Planning’’ is the second edi- 
cion, revised and enlarged, of “ Highway Curves and 
Earthwork.” 

As the new title indicates, the second edition is broadened 
in scope and entirely rewritten to include many progressive 
features of planning and design not fully treated in the first 
edition. 

Special consideration is given to highway location and 
design for greater safety and permanence. 

Up-to-date surveying operations for the scientific layout 
of roads, culverts, and bridges, incorporating the best 
current practice of representative state highway depart- 
ments, are presented in sufficient detail to be useful whether 
the book is used as a field and office manual or as a text 
book. 

The treatment of vertical curves (including unsymmetri- 
cal curves), transition spirals, and curve su]>erelevation is 
radically revised and greatly simplified. Whatever material 
in the first edition has become obsolete has been omitted 
from the new volume. 

Several new tables have been added to the second edition, 
among which are the following: 

Table 2. — Giving deflections, arcs, and chords for even 
radius curves. 

Table 4. — (jiving radii for both the arc and chord defini- 
tions of degree-of-curve. 

Table 10. — Giving deflections locating any point on a 
spiral; so that, for the first time, full-station points along the 
curve may be established readily. 

Table 12. — Giving functions of the spiral which is com- 
pounded with a U circular curve or with a unit curve of 
radius 10,000 ft. 


V 
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PREFACE 


The articles by E. W. James of the U. S. Bureau of Public 
Roads and others in Engineering News-Record^ Jan. 17, 
1935; and by A. R. Losh in the 1932 Transactions of the 
American Society of Civil Engineers have provided valuable 
and inspiring reference material for which thanks are hereby 
expressed. Acknowledgment is also due many of the state 
highway departments, particularly those of Ohio, Maryland, 
California, Missouri, and North Carolina, for useful data 
bearing on current methods of practice. 

Thomas F. Hickerson. 

Chapel Hill, N. C., 

January , 1936. 



CONTENTS 


Page 


Preface v 

List of Tables xi 


CHAPTER 1 

Highway Location 1 

Preliminary (Considerations. Importance of High- 
way Location Surveys; General (Considerations 
Governing the Location of Highways; Highway Safety: 

(а) Foreword; (6) Highway Intersections; (c) Railroad 
Intersections; (d) Separated Roadways; (c) Sight 
Distance; (/) Alignment; (g) Grades; (h) Shoulders and 
Roadside Safc'guards; (i) Widths of Pavements and 
Bridges; (j) The Driver and the Vehicle; Funds Avail- 
able and Costs; Purpose of the Road; Restrictions on 
Location; Right-of-way Privileges; The Ultimate 
Plan; Climatic Conditions: Snow Control; Drainage; 
Aesthetic Considerations; (Comparison of Highway and 
Railroad Location; Surveying Operations. 

The Reconnaissance. Dc'finitions: Procedure. 

The Preliminary Survey. Definitions; Organiza- 
tion and Duties of Surveying Parties; (Contour Maps; 
Referencing; Bench Marks and Check Lew els; Pre- 
liminary Maps; Methods of Staking the Projection; 
Road Intersections; Railroad Grade Separation 
Projects; Railroad Grade CCrossings; Area of Waterway 
for Culverts and Bridges; Culvert Surveys; Bridge 
Surveys and Investigations: (a) Existing Bridges; 

(б) Proposed Bridges. 

The liOCATioN Survey, Definitions; Field Notes; 
Equalities; Soil and Material Notes; Right-of-way 
Notes; Cross Sections; The Grade Line; Construction 
Stakes; Special Surveys. 

Plans and Profiles. Explanation; Sealers; Typical 
Sections; Data on Plan; Data on Profile. 

vii 



viii CONTENTS 

Paqb 

Bridge Layout. General; Stakes; Aliji;nment; Stak- 
ing the Structure: (a) Steel Bridge Substructure; (6) 
Multiple-span Bridge; (c) Wing Walls; Care in Chain- 
ing; Setting Elevations; Taking Cross Sections; Skew 
Angles; Triangulation; Excavation; Cofferdams; Driv- 
ing Sheeting; Foundations; Excavation Record; 
Inspection of Foundation; Driving Piles. 

CHAPTER II 

Earthwork 79 

General. Definitions; (classification of Excavated 
Materials; Shrinkage and Swell Factors; Side Slopes; 
Roadbed Sections; Slope Stakes; Sections Passing 
from (cUt to Fill. 

Area ob^ Cross Sections. Planimeter Mc^thod; Com- 
putation Method : (a) GenfTal Rule (applied to irregu- 
lar s(‘ctions); (h) Level Ground; (c) Three-level 
Ground; (d) Sidehill Ground. 

Volumes. Introduction; The Average End Area 
Formula; The Prismoidal Formula; Comparison of 
Average End Area and Prismoidal Formubis; Borrow- 
pit (Quantities; Truncated Prisms; Correction for 
Road Curvature; Culvert (Quantities: (a) General 
Considerations; (b) Abutment Excavation; (c) Head- 
walls for Pipe (culverts; (d) Box (julverts. 

Haul and Overhaul. Haul; Limit of Economical 
Haul; Mass Diagram: (a) Definition; (6) (Characteristic 
Properties; (c) Determination of Overhaul from the 
Mass Diagram. 

CHAPTER III 

Circular Curves. . 105 

Classification. 

Simple Curves. Functions or Parts of Curves; The 
Unit Curve; Excess of Arc over Chord; Discussion of 
the Definition, “ Degree-of-curve ” ; Problems; Field 
Procedure in Ix)cating P.C. or P.T.; Locating Curves 
by the Deflection Method: (a) When Transit Is Set 
at the P.C.; (6) When Transit Is Set at the P.T.; (c) 
When Transit Is Set at Any Intermediate Point on the 
Curve; (d) When Transit Is Set at the P.I.; Locating 
Curves by the Offset Method: (a) Offsets from Tan- 
gent; (b) Offsets from Chords; Inner and Outer Curves; 



CONTENTS 


IX 

Page 


To Locate Curve When P.I. la Inaccessible; To Find 
One Curve That Will Replace Two Curves United by a 
Tangent; Metric Curves; Review Problems. 

Compound and Reversed Curves. Compound 
Curves: Problems; Reversed Curves; Problems. 

CHAPTER IV 

Parabolic Curves 139 

Adaptability; Useful Propertie.s; Horizontal Curves; 
Vertical Curves; Factors Gov(irning the Length of 
Vertical Curves; Offsets from Vertex to Middle of 
Curve; Computation of Offsets: Method A; Method B; 
Offset from Vortex to Unsymrnetrical CUirve; Turning 
Point on Vertical Curve: (a) Position; (b) Elevation; 
Bight Distances: (a) Formulas: (6) Diagrams; Review 
Problems. 

CHAPTER V 

Transition Spirals 156 

Notation and Formulas; Definitions; Development of 
Spiral Theory; Functions of the Spiral and Circle; 
General Procedure for 1 raying Out Spiral and Circle; 
Deflection Angles; Angular and Linear Divergence 
Property; Defb^ctions from Intermediate Point on 
Spiral; Spiral Compounded with Circular Curve Whose 
Central Portion Remains Unchanged; Location of 
Spiral by Offsets: (a) Offsets from Tangent; (b) Offsets 
from Tangent and Circle; Spiralized Compound 
Curves; Spiralized Reversed Curves; Inner and Outer 
Edges of Pavement; Review Problems. 

CHAPTER VI 

Curve Superelevation 184 

Theoretical Superelevation: (a) Friction Not Con- 
sidered; (b) Friction Considered; Critical Speeds; 
Theoretical Length of Transition Spirals; Supereleva- 
tion Methods. 

CHAPTER VII 

Widening Curved Pavements 196 

Methods of Widening. 

Case I. When the Unwidened Center Line Is a 
Spiral; Length of Inner Edge of Widened Pavement; 



X 


CONTENTS 


Page 

Extra Area Due to Widening Pavement: (a) The Spiral 
Sections on Each Side; (6) Central Circular Sections; 
Laying Out Inner Edge of Widened Pavenumt; Area of 
Un widened Pavement. 

Case II. Extra Widening When Surveyed Center 
line Is Unspiralized Circular Curve; Review Problems. 

CHAPTER VIII 

Miscellaneous 207 

Duties and Responsibilities of the Highway Engineer: 

(1) Familiarity with the Work; (2) Relations witli the 
Ci)ntractor; (3) Relations wilh the Public; (4) Propc’r 
Inspection Essential; Ciire of Field Equipment; 
Adjustments of the Instruments; Distances on Slopes; 
Stadia Measurements. 

DETERMiNAiroN OF THE True Meridian. Dircct 
Solar Observation; Observations on Polaris at 
Elongation. 


Index 


417 



LIST OF TABLES 

No, Page 

]. Functions of Unit Circular Curves 231 

lA. Corr(M*ti()ns for Tanjijcnt Distances 254 

2. Chord ljenji;tlis of Circular Arcs 255 

3. Radii for Arc and Chord Definilions 258 

4. Defl(‘ctions and Chords for Even Radius Curves . . . 2G6 

5. Arc Len^lhs for Radius = 1 267 

6. Tuner a,nd Outer Parallel Circular (hirves 268 

7. Values of x and y for the Unit Spiral of Ijcngth 100 Feet 273 

8. Values of k and p for the Unit Spiral of Length 100 Feet 276 

9. D(dlecth)ns from the T.S. to the 10-point Spiral . . . 279 

10. D('flections from the T.S. to Any Point on Spiral . . 282 

1 1 . Tangents and Externals to the Unit Double-spiral 

Curve 312 

12. Functions of the Spiral Which Is Compounded with a 

1° Circular Curve 317 

13. Functions of the Spiral Which Is Compounded with a 

('ircular Curv(i of Radius 10,000 Feet 318 

14. Offsets Locaiting a Modified 200-foot Spiral 319 

15. Extra Area of the Two Spiral Portions of Widened 

Pavement 320 

16. Extra Area of Circular Portion of Widened Pavement 324 

17. Anm of Waterway Calculated by Talbot's formula . 326 

18. Volume of 100-foot Earthwork Sections 328 

19. Prisrnoidal Correction for 100-foot Sections 332 

20. Natural Sines and Cosines 333 

21. Natural Tangents and Cotangents 345 

22. Natural Versines and External Secants 357 

23. Minutes in Decimals of a Degree 380 

24. Horizontal Distances and Elevations from Stadia 

Readings 381 

25. Squares, Cubes^ Square and Caibe Roots, Circum- 
ferences, and Areas . . . 389 

26. Trigonometric Formulas 405 

27. Useful Numbers and Formulas 407 

28. Deflections from the P.I. to the 1 0-point Circular Curve 408 




HIGHWAY SURVEYING 

AND 

PLANNING 

CHAPTER I 
HIGHWAY LOCATION 

Preliminary Considerations 

1. Importance of Highway Location Surveys 

Good roads are intended primarily to supply means of 
communication and transportation from place to place 
with a minimum of time and effort. The highest aim of 
road making, it has been said, is ^^endeavoring to help make 
smooth the paths of hurnanity.^^ One of the fundamental 
operations in road building is the location survey ^ which 
becomes, or should become, through construction a perma- 
nent feature. 

Among the characteristic features of a bad road may be 
mentioned steep gradeSy abrupt curvesy dangerous exposure 
(to intersecting traffic, snowdrifts, etc.), insufficient drainage y 
and uneven surfaces. The first four of these obstacles to 
traffic are of a permanent nature due to a faulty location y 
which might have been obviated with an unrestricted 
application of engineering principles. Too many locations 
in the past have followed an old road or the line of least 
resistance; which sooner or later must be abandoned as 
unsafe and unsatisfactory for the traffic of today and 
tomorrow. Obviously, future changes in location, unless 
the old road can be used advantageously for local purposes, 

1 
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are attendant with losses of right of way, roadbed, surfacing, 
and structures as well as a depreciation in the values of 
property developments along the abandoned route. The 
ideal procedure in any road-building program is to make 
sure that the location is the best possible, so that what is 
done is permanent and an integral part of any future 
improvement. 

The engineer and those charged with the layout of high- 
ways are faced with the dual responsibility of selecting a 
location which will become and remain a major route of 
highway transportation and of satisfying public opinion 
as to whether the initial expenditure is economically justifi- 
able. Under all circumstances, the engineer should bo 
permitted to so execute his work that it may be successfully 
defended against future criticism. 

The greatest skill and care should be exercised to see that 
the located center line, with respect to appearance as well 
as usefulness, will be the most consistent location possible. 
The newly selected line forms the basis of a high-priced 
improvement to serve intense modern traffic that may in 
the future require a pavement two or more times the present 
contemplated width. 

2. General Considerations Governing the Location of 
Highways 

The primary technical considerations in road location, 
whether it be a revision of an existing road or the layout 
of an entirely new route, are alignment and grade. These 
considerations must be reconciled with many other factors, 
as follows: 

Highway safety; 

Funds available and costs; 

Purpose of the road in question and its relation to the 
highway system; 

Classification of the road as to standards of width, align- 
ment, and grade, and the type of surface and improvement; 

Restrictions on location: strategic points; service to the 
towns and cities; local sentiment; 

General public welfare; 
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Traffic count; present and probably future traffic condi- 
tions ; 

Right-of-wajT' privileges; 

The ultimate plan; 

Topographical and geological features of the country; 

Best stream and ridge crossings; 

Flood areas; drainage; 

Climatic conditions — exposure to the sun and snow 
control in areas of heavy snowfall; and 

Aesthetic considerations. 

The influence that some of the foregoing factors may 
exert justifiably in road location will now be treated in 
more detail. 

3. Highway Safety 

a. Foreword, During 1934, 34,000 persons were killed 
and 954,000 injured from automobile accidents on the streets 
and highways of the United States. 

In classifying highway and street accidents, there are 
mainly three general types of contributing factors, as 
follows: 

1. Incidental to the drivers themselves; such as reckless 
speeding, general disregard for or ignorance of traffic 
regulations, drunkenness, bad vision, drowsiness, inatten- 
tion, overstrain, and general incompetence resulting from 
no standard licensing law. 

2. Incidental to the motor vehicles; such as bad brakes, 
defective steering gear, bad headlights, broken parts, etc. 

3. Incidental to the location, design construction or 
maintenance of the highways or streets; such as exposure 
to intersecting traffic, sharp curves with insufficient super- 
elevation, steep grades, high crowns, slippery surfaces, 
narrow pavements, treacherous shoulders, steep ditch 
slopes, narrow bridges, holes in the surface, etc. 

Conditions contributing to the third class of accidents 
are primarily the engineer's problem. Although statistics 
show that the larger proportion of motor vehicle fatalities 
are attributed to reckless speeding, it is none the less of an 
obligation for the engineer to aim to effect every reasonable 
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feature of design that promotes the greatest possible com- 
fort and safety for all those who use the highway. 

So long as motor vehicles are being manufactured with 
greater speed capacities and in greater quantities for both 
passenger and freight transportation, the highway engineer 
will be expected to keep pace with these developments and, 
within limits set by the funds at his disposal, he must not 
only design and construct highways sufficiently spacious 
to accommodate present traffic and its normal future 
increase without undue traffic delay, but he must also 
safeguard them against every hazard that high-po\/ered, 
high-speed motor vehicles can create in the hands of incom- 
petent or reckless drivers. 

b. Highway Intersections. At an ordinary crossroad, 
there are twelve possible courses open to traffic — four 
right and four left turns that may be made, besides four 
ways to go straight. Each, except the right turns, cuts 
across four other possible paths. Occasional collisions 
under such circumstances are inevitable, especially at the 
high speeds of rural travel. 

In the United States, during 1984, 364,260 accidents 
occurred at the intersection of streets and highways, result- 
ing in 7,770 persons killed and 408,310 persons injured. 
The remedy must be found either in setting up some form 
of traffic control or by redesigning the intersection. The 
traffic signal and the stop sign, when perfectly obeyed, 
achieve an orderly movement of vehicles and a notable 
reduction in hazard; but neither solves the left-turn problem 
with its possibilities of almost head-on collisions. Ample 
vision ahead and advance warning or stop signs of a standard 
type are necessary safeguards at rural intersections. Bill- 
boards and other nonofficial signs should not be allowed 
within the vicinity of a crossroad; and it seems desirable 
that all roadside advertising should be regulated by law, 
as is done in the state of California. 

The majority of highway intersections, even in congested 
areas, will probably remain at grade; and their treatment 
for minimizing the hazard is deserving of much study. 
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Four types of intersections^ are shown in Fig. 1. 

Type A. Two additional traffic lanes extending for a 
length of 300 to 500 ft. are added on each side of the inter- 





intersections. 


section, and curves of about 30-ft. radius are introduced 
at the intersections. Traffic about to make either a right 
or left turn enters the extra lane and makes the turn at 
slow speed. 

1 Arthur G. Bruce. Highway Design and Construction,” 
p. 108, 1934. 
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Type B. Curves having radii of 300 to 500 ft are 
introduced so as to permit a right or left turn before reach- 
iiig the right-angle intersection. 

Type C. The traffic circle, with radius of at least 300 ft 
permits the interweaving of traffic moving in essentially 
parallel lanes, there is no reduction in the number of 
intersecting paths, but the crossings are accomplished 
with a mmunum likelihood of serious collision. The circle 



also imposes on the traffic a limitation in speed through 
the intersection danger zone. At a multiple intersection 
where more than two roads cross, a traffic circle is almost 
the only means of securing orderly movement. 

Type D. This type provides a considerable amount of 
area for traffic. 

If traffic circles or similar grade structuras are used, it is 
fundamental that the driver he informed in advance of their 
WesevM and of the proper course to be pursued. This means 
that the islands must be adequately lighted and signed. 

any special types of highway grade separation designs 
with various arrangements of ramps and underpasses have 
been built in New Jersey to accommodate traffic conditions 
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occurring in congested areas. But the so-called ^‘clover- 
leaf design” (Fig. 2) has the advantage that there are no 
lanes of traffic which cross each other and that there is no 
slovdiig up of the straight traffic. The complete clover-leaf 
design has a ramp in each quadrant so that when left turns 
are made in spiral fashion — that is, by crossing over or 
under the intersecting road and then making two successive 
right turns — no vehicle need ever cross the path of another, 
and the only possibility of collision arises when a vehicle 
turns to the right into a through traffic lane, a minor 
hazard, especially on multi-laned roads. 

hixperience in the congested areas of the north has shown 
that any grade S(q)aration on super-highways less effective 
than tlie clover-leaf may prove more troublesome than a 
grade crossing. This is due to the fact that a separation 
with inadequate ramps exaggerates the confusing features 
of turning traffic and multiplies the number of left-hand 
movements across the paths of the straight traffic. 

The minor intersections of local or private roads or drive- 
ways with through highways are a constant source of danger 
because they are so numerous and, frequently, so obscure. 
Expensive treatment of each individually by traffic signals 
or redesign cannot be justified, and stop signs too often 
fail in their purpose because of nonobservance by drivers. 

Accordingly, the concept of the freeway proposed by 
E. W. James, of the Bureau of Public Roads, has been 
developed — a highway for express traffic to which abutting 
property has no right of access. All local traffic must use 
service roads in the vicinity, and traffic may enter or leave 
the freeway only at widely spaced intersections where it 
can be properly safeguarded. Under this plan, a new 
express highway remains an express highway instead of 
becoming just another suburban or urban road. 

Few areas can now produce enough traffic to justify 
the most expensive type of construction, but even the less 
important highways may have some of its features, and 
the probability of future development should always be con- 
sidered in present planning. 
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c, Railroad Intersections. Ilio problem of railroad- 
highway crossings is similar to that of highway intersections, 
in that only a separation of grades can make safety sure, 
especially with the develoi)ment of the new high-speed 
trains. There is a growing sentiment in favor of closing 
many existing crossings and providing more adequate 
protection, or grade separation, at the others on the theory 
that modern motor- vehicle traffic can well afford the slight 
expense and inconvenience of detouring a mile or more for 
the advantage of greater protection. For protection of 
the remaining crossings where grade separation is not 
practicable, the standard flashing lights of wigwag signals, 
put into operation by approaching trains, are becoming 
more general on the rural highways. 

It has been estimated by Mr. Ford of the Rock Island 
Lines, that there are now 2o5,800 highway-railway grade 
crossings in the United States, of which 80, 000 should be 
separated, 100,000 necid })rotection, 45,800 require but 
minor attention, and 60,000 might be closed by relocation 
or some form of proper planning. 

d. Separated Roadways. Considering the number of 
vehicles which pass each other in opposite directions on 
the open road, the statistical chance of any two colliding is 
infinitesimally small. In the aggregate, however, head-on 
collisions make up a very serious part of the total; and 
among the earliest of highway improvements was the 
widening of the pavements to increase passing clearances. 
Demands for greater traffic capacity have been met by 
widening to three lanes, four lanes, and more, but vehicles 
using the center lane or lanes must still pass close to oppos- 
ing cars and, in addition, face the added danger of being 
crowded by cars on their right. 

Tliree-lane highways, due to the questionable right-of- 
way in the middle lane, are less satisfactory than four-lane 
highways. In new construction, if funds are insufficient 
to finance the entire four-lane width, the two outer lanes 
might be paved for main traffic lanes and the two inner 
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lanes lightly paved until funds for full pavement become 
available. 

The painted center line, which is now almost universal 
on curves and on hills, especially where sight distance is 
impaired, is effective and popular, but it cannot prevent 
the careless motorist from crossing over to the wrong side 
at times, with possible serious consequences. 

To keep oppo.sing cars safely apart, it is clear that there 
must be some physical barrier between them. The safest 
and most ideal highway must be built with two separated 
roadways, each for traffic in one direction only. Each 
must be at least two lanes in width to accommodate fast 
and slow traffic in different lanes. But until vastly greater 
highway funds are available, this design will probably be 
limited to highways on which the volume of traffic justifies 
the expense of four-lane construction, 

A recent study in Massachusetts showed only 54 per cent 
as many fatal nonintersection accidents per million vehicle- 
miles (excluding pedestrian accidents) on divided highways 
as on ordinary four -lane highways^ and only 37 per cent 
as many as on two-lane roads. An incidental but important 
advantage of the dividing center strip is that it may be 
planted to serve as a screen against opposing headlights, 
thus removing pt^mianently one of the greatest hazards 
of night driving. At intersections where it has not been 
feasible to separate grades, furthermore, it offers a very 
desirable “dead'’ area between the opposing traffic streams 
where a crossing or turning vehicle may remain protected 
until a favorable opportunity occurs for entering or crossing 
the traffic on the far side of the roadway. 

The construction of “by-pass" routes to carry traffic 
around congested cities rather than through business sec- 
tions is a feature of highway work which usually promotes 
not only safety, but convenience as well. 

e. Sight Distance, As an element of safety, ample sight 
distance or visibility is desirable so that every condition 
of the highway, whether an intersection, a curve, or any- 
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thing that requires the driver’s attention, should be seen 
far enough ahead to enable him to take appropriate action. 
In the design of both horizontal and vertical curves, sight 
distance should be a controlling factor. The American 
Association of State Highway Officials recommends a 
minimum sight distance of 800 ft. for two-lane trunk 
highways. In cases where a sufficient distance cannot be 
obtained, extra width of surfacing is desirable; or under some 
circumstances, the roadway may be separated into one-way 
roads, thus permitting the required sight distance to be cut 
in half. 

/. Alignment. In establishing the layout of a highway 
between objective points, directness has always been a 
major consideration subject to the limitations of avoiding 
excessive grades. With the advent of fast-moving, high- 
powered motor vehicles, improvements in alignment are 
increasingly desirable, not only as an element of economy 
in reducing distance, but as an element of safety against 
accidents. The alignment should be made as safe as 
possible considering the funds available, even at the expense 
of a steeper grade (up to a reasonable maximum). Short 
curves and abrupt turns are particularly hazardous on 
steep grades, at the foot of long hills, and between long 
tangents. 

There should be a logical reason for every curve. A 
combination of maximum curvature and grade should be 
avoided by reducing the maximum grade around curves 
according to a standard compensating rule similar to that 
adopted by the railroads. 

If reverse curves are necessary they should be separated 
by a tangent distance of at least 200 ft., thus allowing space 
for runoff easements on each curve. 

Hidden reverse curvature or a combination of horizontal 
curve with a summit vertical curve is an unsafe combina- 
tion, and should be avoided. 

Curves in the same direction with a short tangent between 
them, commonly known as broken-back curves are objec- 
tionable from the standpoint of appearance, and they may 
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be a source of danger. Usually it is feasible to combine 
them into a compound curve; but in this event, the difference 
between the two branches of the curve should not exceed 5°. 

Curved approaches to a bridge are objectionable. They 
may often be remedied by placing the structure on a slight 
skew. 

Every effort should be made to secure flatter curves, 
even down to 30-minute curves, although a sharper degree 
of curve is adopted as a maximum. In a 60° turn, the 
actual distance saved by using a 1° curve instead of a 
6° curve is 513 ft. 

On major highways, it is specified by many states (Califor- 
nia, for example), that the minimum radius of curves shall 
be 2,000 ft., which is equivalent to about a 3° curve. But 
California practice allows, in difficult mountainous locations, 
a low radius of 300 to 350 ft. for blind curves and 250 to 
300 ft, for open curves, with liberal requirements for 
extra width in both cases. Allowing sharp curvature 
at one place, however, does not justify its use at other 
points. 

An unexpected change from one standard of alignment 
to a lower standard, as, for example, a few isolated sharp 
curves within a zone of good alignment or an unexpected 
reversed curve at the end of a long tangent, is a source of 
danger and responsible for many accidents. Whenever 
such special conditions unexpectedly reduce the vision 
of motorists at isolated locations, much time and money 
should be given to eliminate or improve them, particularly 
on main routes. If the elimination of these hazards is 
impossible, as in mountainous country, then unmistakable 
warning signs should be on display far enough away for 
the motorist to gradually reduce his speed limit. 

To avoid the appearance of a kink in alignment, curves 
with small angles should not be less than 800 ft. in length. 
All horizontal curves are greatly improved in appearance 
and in comfort and safety as well, when connected to 
tangents with long transition spirals which should apply 
to both the outer and inner edge of roadway ; and all curves 
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sharper than | to 1° should be super elevated. Pavements 
on curves sharper than 3° should be widened. 

Properly spiraled and superelevated curves of 1,000-ft. 
radius can be comfortably negotiated by an automobile 
at speeds up to 55 to 60 miles per hour. 

The statement is often made, and correctly so, that more 
accidents occur on straight roads than on curves. But 
since there are many more miles of straight road than there 
are of curved, this statement is misleading. 

The accidents on highway curves are relatively more 
fatal than those on any other part of the location except 
railroad grade crossings. 

Unfortunately for the motorist, there are altogether too 
many curves on which the surfaces are flat or even worse, 
have negative banking — ^that is, sloping downward toward 
the outside of the curve. This creates a tendency to 
encroach on the wrong side of the road by making a left 
turn on the inside of the curve. Proper superelevating 
and spiraling and the painted middle strip will help remedy 
this condition. 

g. Grades. As a general rule, grades in excess of 5 per cent 
are undesirable for two reasons: (1) Difficulty of ascent 
and increased danger of descent; and (2) possible erosion 
of the road surface, shoulders, or ditches. But it is better 
to use a steeper grade (up to 7 or 8 per cent), for a short 
distance, if bad alignment is obviated thereby. 

From the standpoint of ascent, the modern high-powered 
car can climb readily short grades as steep as 8 per cent; 
but even so, continuous grades of more than 5 to 6 per cent 
are objectionable on trunk highways. To descend grades 
steeper than 7 per cent may at times subject the motorist 
to great hazards, particularly when the road surface is 
coated with ice. 

For grades of 6 per cent, or more, a common rule is to 
compensate on curves up to 1,000-ft. radius according to 
the formula: 

Compensation in per cent = — -r -. — 

^ ^ radius of curve 
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The compensation provided by the foregoing formula 
does not include or contemplate compensation which may 
be necessary to furnish slack grade for future shortening 
of the line. Where subsequent improvement in alignment 
is anticipated on sharp curves, additional compensation 
should be introduced to the full extent that careful grade 
design and location will permit. 

An effort should be made to obtain the least possible grade 
consistent with a reasonable expenditure of funds. By the 
use of lower maximum grades, more uniform speed of car 
operation can be maintained and greater reserve power 
will be available for retarding and accelerating when passing 
slow vehicles in emergency. Heavy commercial vehicles 
find easy grades better adapted to their use. 

In New York state, the maximum grade is 5 per cent on 
primary routes and 7 per cent on secondary routes. 

Rolling grades may be justified by construction economy, 
and they often present no appreciable economic loss in 
operation. Their objectionable feature lies in hazards at 
vertical curves and in roadway appearance. For this 
reason, grade rates should be held to a minimum and vertical 
curves should have a long sight distance. 

h. Shoulders and Roadside Safeguards, Essentially uni- 
form construction features and clear and unmistakable 
warning signs are necessary for the quick perception and 
reaction of motorists at high speeds. 

To keep the traveled lanes safely clear of stopped vehicles, 
every highway must be designed with shoulders that are 
wide, smooth and substantial enough to serve as an emer- 
gency traffic lane. Generous shoulders clear of all 
obstructions and gentle ditch slopes will often make 
a minor accident out of what otherwise would be very 
serious. 

Guide and guard rails serve a twofold purpose: (1) as 
valuable safeguards for warning motorists of the existence 
of curves, embankments, side hills, or other hazardous 
conditions; and (2) to prevent a vehicle from leaving the 
pavement and shoulders of the highway. 
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Either the guide-rail posts or the rail itself, or both, 
should possess a limited amount of resiliency for greatest 
effectiveness. 

Separate pathways for pedestrians should be constructed 
on one or both sides of the main highways. Separations 
for pedestrians are advisable in congested school zones. 

i. Widths of Pavements and Bridges. The American 
Association of State Highway Officials recommends for 
safety at least 10 ft. of width for each traffic lane of the 
highway, and a shoulder width of 10 ft. Engineers are 
beginning to realize that the present narrow traffic-lane 
widths are among the most hazardous features of highway 
design. Accordingly, there is a growing opinion for travel 
lanes on main roads with widths of 11 or 12 ft., whether 
for speed traffic or trucking. A bold stand by highway 
engineers for greater road widths would be timely. Width 
deserves preference over the additional mileage built to 
the current narrow standards. 

Irregularities in alignment and grade are more definitely 
localized and noticeable at bridges than elsewhere. The 
effect is made more acute by the fact that most bridges 
are narrower than the roadbed, and therefore dangerously 
narrow. Good practice as to the width of bridges is to use 
multiples of traffic lanes 10 ft. wide plus 2 ft. on each side. 
The widths are thus 24 ft., 34 ft,, 44 ft., etc., except where 
special conditions require them to be otherwise. Highway 
bridges in suburban areas should include sidewalks. 

j. The Driver and the Vehicle. The fitness of the driver 
and the condition of the vehicle, particularly as to brakes 
and steering gear, are vitally important phases of traffic 
safety; both of which present problems more perplexing 
than the condition of the highway itself. 

A measure of control of the few drivers prone to be reckless 
on the highway may be expected from policing and from 
licensing laws; and good results should come from educa- 
tional programs aimed to create a greater sense of responsi- 
bility among all those who use the highway. Instead of 
establishing maximum speed limits, it seems best to adopt 
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the basic code rule that person shall drive a vehicle 

on a highway at a speed greater than is reasonable or prudent 
under the conditions then existing,’^ 

4. Funds Available and Costs 

Highways are usually financed either by (1) bond issues 
or (2) “pay-as-you-go’^ plan. 

The bonding plan requires a definite program in advance. 
This plan is best when the jirograrn is just beginning and 
before any great part of the system has been conqileted. 
It permits quick construction of projects large enough to 
secure the advantage of big contracts at low prices; but 
ill carrying out a mass production ])lan, there has been a 
tendency to cut short the time needed for a thorough study 
of each location problem. 

The ‘^pay-as-you-go” plan should be used when the 
construction of the highway system is more advanced or 
is nearing completion. It may be successfully used if 
annual revenues are plentiful and it should be used in any 
case where the present lionded indebtedness is so heavy 
as to liave affected adversely the public credit of the state 
or county. 

If $100,000 is to be spent by the “pay-as-you-go” plan 
on 10 miles of construction and the annual highway fund 
is $10,000, the cost is $10,000 per mile and it will take 
10 years to build. With a $100,000 bond issue, serial tj'^pe, 
4 per cent maturing in a 20-year period, the cost of the bond 
issue will add $42,000 to the cost of the highway, so there 
must be added $4,200 to the cost of each mile of the road- 
way, but the entire 10 miles of newly constructed highway 
would be immediately available. 

If this immediate construction of the entire mileage 
accommodates enough traffic to save or earn the difference 
in cost, the bond issue is always justifiable. 

Bonds. The forms of bonds in general use are the terniy 
serial and annuity. Term bonds mature after definite 
periods and require a sinking fund. Serial bonds are retired 
annually or at other periods, a fixed portion of the issue 
being retired at each maturity date. The annuity is similar 
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to the serial, but the retirement plus interest is maintained 
at a constant figure. 

The serial bond is the cheapest and is the most popular 
for highway financing. This type is particularly adapted 
for financing operations which by their very nature involve 
a depreciation of property. A highway is in part a depreci- 
ating property. 

In order to minimize the possibility of wasting funds, the 
following recommendations represent good current practice : 

a. State highway bonds should be serial in form and 
should mature over a period not exceeding 30 years. The 
annual charge decreases very slowly from this point whereas 
the total cost increases rapidly. 

h. County bond issues should be serial in form and should 
mature over a period not exceeding 20 years. Interest 
rates on county bonds are as a rule higher than those on 
state bonds. The use of the serial bond eliminates the 
hazard of a large sinking fund which is in constant danger 
of violation. 

c. Maturities should be arranged so that the annual 
requirements of principal and interest will be as nearly 
uniform as practicable. This also avoids the danger of 
accumulation of large sinking funds and a fluctuating tax 
rate. 

Comparative Costs, Alternate locations may be studied 
in terms of their comparative capitalized cost (or annual 
cost). The capitalized cost of a highway is that sum which 
is sufficient to pay the initial cost of construction and provide 
for future maintenance and operation and renewals for- 
ever for those elements of the investment which are not 
permanent. 

Let X = capitalized cost; 

C = first cost = C' 4- C'\ 

in which C' is the permanent part and C" is the temporary 
part; 

M = annual maintenance and operating expense; 

r — annual rate of interest; 

R = the capitalized depreciation; 



HIGHWAY LOCATION 


17 


it being the amount which, when placed at compound 
interest during the estimated useful life of the parts which 
wear out, will yield a sum equal to the first cost, C", plus 
a perpetuating sum B for future renewals. If the amount, 
i?, is placed at compound interest as stated above, we have 


whence 


K(l -f- tY = C" + R, 


R = 


C" 

(1 r)” — 1 


Therefore the total capitalized cost is 


X 


c + f + 


C" 

(1 +r)« - I 


The annual cost is the interest on the capitalized sum. 
It includes annual interest on the first cost plus maintenance 
and operating costs plus a replacement fund. Expressed 
as a formula, we have 

C"r 

Annual cost = Xr == Cr + M + rz — ; — r r* 

(1 + r)« — 1 


In the foregoing expressions, maintenance costs are for 
keeping the roadway in proper condition; while operating 
costs refer to the expenses encountered by the traveling 
public. The latter item may be only a rough estimate 
in any one case, but for purposes of comparison with alterna- 
tive routes, it is more definite. The costs of future replace- 
ments are not accurately known, but they may not exceed 
the first cost if the old parts have scrap value. 

Relatively speaking, the capitalized cost serves as a 
guide to the judgment in considering the merits of two or 
more routes. 

6. Purpose of the Road 

The primary use of a modern highway, generally speaking, 
is to provide means for vehicular transportation of the 
various classes of travel and commercial haulage from one 
common center to another, either local, state, or national. 
The> should be established over the most direct route 
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possible with the least gradient. The most direct route 
may be defined as a road with alignment free from curves 
that have dangerously short sight-distances based on the 
importance of the road and the speed limit involved; and 
the least gradient should be such that it will not retard 
materially the reasonable speed of present-day vehicles. 

The foregoing requirements for line and grade may be 
dispensed with advantageously, to some extent, in cases 
of scenic development, when locating forest and park roads 
or other lanes of traffic promoted solely for pleasant land- 
scape effect, recreation or educational travel. 

From the standpoint of transportation service, public 
roads are classified into three major groups: (1) primary 
(roads comprising the federal and state systems), (2) 
secondary (principal county trunk highways), (3) third-class 
roads (purely local townshii) roads). In addition, a special 
classification or subdivision is needed for the so-called 
express, arterial, boulevard, or su[)erhighway (for which no 
standard name has been adopted). This type has become 
an essential factor in the vicinity of large cities and between 
near-by cities where the traffic is exceptionally heavy. 

6. Restrictions on Location 

The general location of a highway project, or the route 
of which it is a part, is sometimes fixed by legislation to 
the extent that it must pass through one or more points. 
Within the limits established as controls, the engineer 
should determine, as far as practicable, upon an economic 
location, considering at their relative weights both through 
and local traffic. Local sentiment may call for the diversion 
of the main line from its direct course in order to serve an 
intervening town or community. The engineer must 
wrestle with this problem and give due weight to all the 
factors involved. The relative cost of the direct line with a 
lateral spur and the indirect line through the town should 
be considered from the standpoint of construction, mainte- 
nance, and operation. 

The location and design of trunk-line highways into, 
through, and around cities are a problem for the engineer 
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that requires extensive study and investigation. A by-pass 
and local route serving both local and through traffic offer 
the ideal solution to be attained. Belt-line highways with 
local connections may be the best plan for still larger cities. 
Each situation is a problem in itself, but the solution should 
always have the same object — ^the greatest possible service 
to all the users of the highways. 

A by-pass location, or belt line, is desirable for through 
traffic to avoid the delays and hazards incident to city 
congestion. A direct through connection, even if it be 
congested by city traffic, is also desirable in order to accom- 
modate traffic making a temporary stop in the city. 

In Bulletin 18 of the American Road Ibhlders Association, 
we have the following statement expressing the changing 
attitude of cities relative to through highway traffic: 

Spur roads represent a recent development in highway 
location having th(i several objects of efficient service to local 
(H)niinunities, relief of traffic congestion in municipalities, 
together with safety and efficiency for through traffic. 

Up until rec(uit years there was a strong sentiment in cities 
and villages for trunk-line highways to pass through such 
municipalities on their main streets. In some cases this senti- 
ment was prompted by a hope for early improvements, in other 
cases by the thought that the municipality would gain recog- 
nition and a certain amount of advertising by routing all 
traffic through the business streets whereby travelers could not 
fail to notice the busy aspect of the community, the public 
buildings, residences, and other features of local pride. In still 
other cases the motive behind this sentiment was a hope for 
increased business. It was probably reasoned that if a certain 
number of people in a locality produce a certain amount of 
business then the logical way to increase business is to get 
more people to the locality. In general, these several factors 
were combined to form the sentiment for trunk-line locations 
through municipalities. 

It is far from correct to state that this sentiment is entirely 
changed, but it is true that it has changed in many munici- 
palities and is changing in others. This change has taken place 
first in the larger cities and is spreading through the lesser 
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cities and even among; many villages. It has been found that 
through traffic desires to keep moving, and moving traffic does 
not help business, but may even hinder it by interfering with 
those who ha^m local business to transact. Those cities with a 
problem of congested traffic are rapidly developing a sentiment 
for routing through traffic out of the congested business dis- 
tricts. The present desire for through trunk-line traffic on 
important local streets appears to be somewhat in inverse ratio 
to the size of the community and the volume of traffic, although 
the character of local business and traffic also have a consider- 
able bearing on the matter. 

After a careful traffic study and analysis relative to 
arterial routes for traffic to and from the city and belt lines 
for traffic distribution, the city of Cleveland, Ohio, and its 
contiguous territory, with the cooperation of state and 
county authorities, have developed a plan for major road 
and street improvements for ten years ahead. They may 
therefore proceed with individual projects, knowing their 
final position in the broader plan. 

7. Right-of-way Privileges 

The width of right-of-way needed depends on the future 
requirements of the road and also the means for its protec- 
tion from encroachment and exploitation. Few states 
have adequate laws regarding right-of-way acquisition 
and roadside protection. A Texas statute permits the state 
to obtain 100 ft. for a state highway, which ordinarily 
is ample. 

The minimum standard widths of the various states on 
new locations vary from 80 to 100 ft. for main trunk high- 
ways, and from 00 to 80 ft. for county or secondary roads, 
with widths varying from 100 to 200 ft. for superhighways. 
These adopted minimum standard widths appear adequate 
for present or future traffic requirements, except near a few 
industrial sections which have an enormous traffic over 
short stretches. Several states have wisely adopted the 
plan of widening the right-of-way at railroad crossings and 
road intersections. The methods of acquiring right-of-way 
are rather varied and include the following: 



HIGHWAY LOCATION 


21 


1. County or municipality acquires the right-of-way at no 
expense to the state. 

2. Purchase by the state, payment being based on assessed 
valuation. 

3. Purchase by the state by agreement or condemnation 
suit. 

The American Road Builders Association suggests the 
following as a means of obtaining necessary rights-of-way: 

1. That the right-of-way be acquired by the State Highway 
Departments, the county in which the rights-of-way lie to be 
required to pay into tlu^ State Road Fund the necessary amount 
of money, to cover th(^ purchas(^ prica^, or certain taxes now 
accruing to the county be diverted to the State Road Fund to 
cover right-of-way costs. 

2. Tliat the value placed on each pi(i(;e of property ])ear some 
direct relation to the assessed value. 

3. That the State Highway Departments include as a bid 
item the removal of fences and obstructions from the limits of 
the right-of-way, and the rebuilding of the hmces from salvaged 
material, and the construction of a standard typo of right-of-way 
fence where necessary. If the property owner d(^sires a better 
type of fence than that constructed by the Highway Depart- 
ment, then the property owner may construct his own fence at 
his entire expense. 

4. That the Highway Department provide suitable passage 
onto the new road for the property owners at least as good as 
that existing before the improvement, and if the highway is on 
entirely new location suitable passage shall be provided. 

5. That the Highway Department will so handle the con- 
struction as to cause no damage to the property owner, and 
will construct such retaining walls, etc., as may be necessary for 
protection of his property. 

8. The Ultimate Plan 

A splendid mode of procedure for all cases is to adopt 
a policy that a major location plan be worked out for future 
improvement, and that this be utilized on individual sections 
as the opportunity arises. Proceeding in this way, the 
ultimate plan, when finally completed, may really be 
considered a permanent improvement. 
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9, Climatic Conditions; Snow Control 

In regions subject to heavy snowfall, the highway should 
be located with reference to preventing or reducing snow 
drifting. Quoting Mr. II. K. Bishoj) of the Bureau of 
Public Roads, the following procedure will tend to attain 
this result: 

Northern slopes should be avoided; in opcui areas the highway 
should follow ridges wlna-e possible or should be })la(*(‘d on slopes 
against the prevailing winds; long shallow cuts should be 
avoided, but where, this is impracticable the location and con- 
struction sliould he such that tlu'y will not cause drifting; in 
flat country, drifting is reduced h}^ elevating the grade 2 or 3 ft. 
above the surrounding land and with the construction of 1 on 
4 slopes; in mountainous or sparsdy settled areas where winter 
traffic is not sufficient to justify the expemse of ket‘i)ing the 
roads open during the entire wint(‘r, prop(‘r exposure' is highly 
essential in order that the snow may melt and free th(j road for 
traffic as early in the spring as possible'. 

In the plains country fine dry snow carried by a wintw gale 
will drift into every cut and depression. Until the snow has 
settled and partly packed, it is difficult to keep an east and west 
road open. 

10. Drainage 

It is desirable to avoid locations which encounter unstable 
foundations, such as swamps and soft ground, where con- 
struction is expensive and drainage difficult. But if the 
road must be built across wet land, its grade must be raised 
to a height well above standing water. 

All points of the road should be above the level of flood 
water; and sufficient drainage structures must be provided 
to take away quickly the surface and underground waters. 
The position and size of culverts and bridges (see page 52) 
must be determined carefully. 

In most cases, the roadbed drainage may be taken care 
of by one or more of the following methods; tile drainage, 
open ditches or gutters, French drains (trenches filled with 
coarse stone for the purpose of intercepting and carrying 
off ground water), well maintained subgrade with frequent 
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rock-filled berm drains, and insulation courses composed 
of sand or screenings. 

Ohio practice as to when tile drains should he used is 
given below: 

Aftor a complete soil survey has been made, it is generally 
found that different types of drainage are necessary to meet 
various soil conditions. The following classification should be 
made for f lic use of tile drainage: 

1. Flat roads where water colh^cts along roadbeds from areas 
adjoining. Ponds, marshes or swamps, and springs come within 
this class. 

2. On roads where new open drainage ditches are objection- 
able on a(a*,ount of their exiicssive depth and cost. 

3. Through cuts that have seeping banks and slopes. Tile 
drains when properly constru(;t('d through seeping banks and 
slojies, are generally locatcal under the gutter ditch and bacK- 
filled with a porous material. These drains cut off many 
sources of water which lie deep under the surface. 

4. Roads underlaid ivith retentive subsoils. This class of 
soil will show an unaerated, water-logged condition for the 
greater part of the year. 

5. Roads having gutters, shoulders and slopes that erode 
excessively. Drainage of this class of roads can often be 
accomplislu'd by diverting surface water into catch basins and 
outletting these catch basins through sub-drains. This type of 
subdrainage also equalizes the runoff. 

G. Roads that require earth shoulders of maximum width, 
and shallow gutters. This class of roads are the main high- 
ways, also highways adjacent to populous centers which are 
liable to become city streets in the near future. 

11. Aesthetic Considerations 

The general appearance of any highway, whether it is 
attractive or not, depends upon the design of the road itself 
as well as the treatment of the roadside areas. 

Straight lines and graceful curves are pleasing to the eye; 
while the reverse is true of broken lines, unsightly kinks, 
or ill-fitting curves. It has been suggested that a location 
containing, within one view, three tangents and two curves, 
or two complete chang^.s of direction, whether horizontal 
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or vertical, is not pleasin^z;. Transition spirals improve 
the appearance of horizontal curves, aside from adding 
to the ease and safety of travel. 

Quoting W. W. Crosby, the following axiom seems 
appropriate here: “What looks right may be wrong, but 
what looks wrong cannot be right. 

Bridges and other structures along the right-of-way when 
designed with attractive architectural proportions may 
be made an ornament to the highway. 

More attention should be given to roadside improvement, 
beautification, and scenic (effects. Unsightly objects should 
be removed, and ugly banks or slopes should be sod ied or 
covered with evergreen vines, such as wild honeysuckle. 
Large and rare trees and shrubs found in their natural state 
on the right-of-way should be preserved; and along barren 
stretches of the road, trees should be planted. All shrubbery 
plantings along the inside edge of the highway should be 
limited to the dwarf varieti(js in order not to obstruct safe 
visibility. 

Until such time as adequate legislation is enacted placing 
roadside development under the supervision of highway 
authorities, the engineer should use such means as are 
available to protect and preserve the highway for its com- 
plete utilization. To this end, Mr. A. R. Losh^ offers five 
suggestions : 

1. Acquire sufficient right-of-way for future development of 
the highway. 

2. Obtain extra widths at all road intors(H;tions and other 
strategic points where it is likely that roadside enterprises 
would be established. 

3. In making acquisitions it will usually be possible to retain 
in the right-of-way the narrow strips, gores, and other parcels 
of land cut off from the original tract. These parcels may be 
utilized for highway purposes in the future or for roadside 
planting and beautification. In any event they are not avail- 
able as sites for billboards and roadside establishments. 

4. Through areas of natural beauty, either obtain in fee or 
protect with long-term leases, several hundred feet extra width 
on each side of the right-of-way. 

^ Trans. Am. Soc. C. E. 1932, p. 475. 
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5. The interest of civics organizations and public-spirited 
citizens should be encouraged and their aid secured to obtain 
the desired ends. 

12. Comparison of Highway and Railroad Location 

The engineering operations establishing the line and grade 
of highways are essentially the same as those for railroads. 
But the highway engineer has greater latitude in which to 
satisfy alignment and j^rofile requirements. Steeper grades 
are permissible on highways; but with advent of fast-moving 
streamlined cars, greater lefinement in alignment is required 
of both the highways and railroads. Safe and pleasing 
vision ahead along higliways for easy steerage of motorcars 
is relatively more impf>rtant than in the case of railroad 
location. The problems of drainage structures are alike, 
except that subsoil and its drainage under and near the 
highway require special attention. 

13. Surveying Operations 

The surveys which ordinarily precede the construction 
of p, properly located highway may be classified as (1) the 
reconnaissance; (2) the preliminary survey; and (3) the 
final location. In addition to the foregoing, there may be 
special surveys for various investigative purposes; and 
immediately before construction starts, it is usual to make 
a construction survey. 

The nature of the project, whether new construction 
or reconstruction, heavy or light work, mountainous or 
valley location, brushy and heavily timbered or open, will 
determine the methods and steps necessary to secure the 
final location. The operations may involve all the investi- 
gative steps including reconnaissance, grade line and 
preliminary surveys or may eliminate some of the pre- 
liminary steps. 


The Reconnaissance 


14. Defmitions 

The reconnaissance is a general survey and investigation 
of the territory through which the road is to be built; with 
a view of selecting a route that is worthy of a more detailed 
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instrumental survey. The reconnaissance should be of an 
area rather than a line. 

16. Procedure 

Strategic points of the probable route should be noted: 
such as favorable stream crossings, low ridge crossings and 
other places where the road should most advantageously 
be located. Oround subject to slips or landslides should, 
so far as i)Ossible, be avoided. A topographic map of the 
area is exceedingly helpful in studying the territory and 
projecting a tentative line. 

The instruments used in the reconnaissance need rarely 
be more than a pocket compavss and Abney hand level. 
Frequently, a compe^ient person with the eye alone can 
pick favorable routing and judge conditions as he proceeds, 
coordinating controls en route and by a process of elimina- 
tion reducing to a minimum the extent of the territory 
that should be studied further. 

If there is an existing road near the proposed improve- 
ment, it should be surveyed with transit and tape (or with 
stadia) and mapped to serve as a base line for aid in estab- 
lishing a new line. In some cases the actual location under 
consideration is predetermined }>y the location of the old 
road except for minor changes in line and grade; thus dis- 
pensing with much of the reconnaissance work required 
of an entirely new route. 

The reconnaissance survey should include information 
as to the general topography of the territory; classification 
of materials; drainage; character of clearing; development 
of the country; service to existing communities; right-of-way 
privileges; purpose of the road in question and its relation 
to the highway system; classification of the road as to 
standards of width, alignment, and grade and the type of 
surface and improvement; etc. 

The reconnaissance report (according to California 
recommendations) should be a complete record, with 
maps and photographs appended, of all the collected 
information useful in administrative circles and in the 
conduct of future surveys. Also, it should conclude with a 
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discussion of economic factors and a brief resume of com- 
parisons, deductions and recommendations. 

The Preliminary Survp^y 


16. Definitions 

The preliminary survey is supposedly an instrumental 
survey of the line tentatively established by the reconnais- 
sance. This line is an accurate traverse which ser-^^es as a 
base line for obtaining topographic information of a strip 
of territory. It may be on an entirely new route or it 
may be along an existing road which is to be improved 
with perhaps minor adjustments here and there in line 
and grade. Frequently, an old road is surveyed merely 
for the purpose of mapping a convenient base line from 
which a new and more desirable location can be projected 
and established by subsequent surveys. 

The preliminary survey need not be staked out as com- 
prehensively as the final location survey, but it should be 
referenced so that it may be accurately retraced. Angles 
and distances should be measured with extreme care and 
elevations for percentage of grades should be determined. 
Topography should be fully noted, together with any details 
that would affect the final location. 

It is desirable of course to place the so-called preliminary 
as close as possible to the line that will become the final 
location. 

17. Organization and Duties of Surveying Parties 

The three surveying parties for either a preliminary or 
location survey consist usually of: (1) the transit party of 
four or more men — chief of party, transitman, and two or 
more helpers — who are chainmen, rodmen, stakemen and 
axmen; (2) the level party of two or three men — levelman, 
rodman and perhaps note keeper; and (3) the topography 
or cross-section party of three or four men — levelman, 
rodman, chainman and perhaps note keeper. 

The chief of party must be experienced in general surveying 
work, and he should have a good eye for choosing the most 
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favorable ground. He must possess sound judgment, 
executive ability, and diplomacy. In general, his duties 
are to handle the reconnaissance, do the planning for the 
party, designate the duties of each man, and accept genera] 
responsibility for the whole procedure. As a rule, he works 
ahead of the party; determines the location of the center 
line, the angle points, character of the curves, size of drain- 
age structures; and makes such notations as are necessary 
to furnish complete information for future use. He inter- 
views farmers regarding general drainage conditions in the 
vicinity, and property owners as to their land lines, and 
makes all the general arrangements for the party. On 
construction, the chief of party usually becomes resident 
engineer. 

The transitnian reads and records all angles, bearings, 
and distances; and he sees that the axmen and chainmen 
are in line. He should be able to make sketches and take 
field notes neatly, speedily and in clear and concise form. 
It is his duty to see that the instrument is constantly in 
good adjustment. The transitman frequently acts as chief 
of party. 

A typical form for keeping transit notes on preliminary 
surveys is shown in Plate I. The summation of angles to 
the left and to the right is given at the foot of their respec- 
tive columns, and the difference of these, added to or sub- 
tracted from the first calculated course on each page, must 
check the last course on that page. Both magnetic and 
calculated bearings should be shown for each course, the 
needle reading being used as a check; and the instrument- 
man should see that these properly agree with each other 
before moving his instrument forward. 

The courses of all lines should be referred to the true 
meridian^ determined directly or indirectly by a Polaris 
or solar observation. 

Unless a special topography party is organized for the 
purpose, the transitman should record neatly and clearly 
on the right-hand page any topography notes that may have 
influence in determining the final location, such as — the 
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position of streams, drainage structures, property lines, 
buildings, fences, trees, pole lines, power lines, rock outcrops, 
railroad tracks, intersecting roads, gas and water mains, 
etc., within or near the proposed right-of-way. 

The head chairiman carries a rod (or “flag”) and the zero 
end of the tape, which should be held firm with one hand, 
while the rod is moved into line with the other. He should 
always j)ut himself nearly in line before receiving a signal 
from the transitman; and he must be able to manipulate 
the tape and rod accurately and rapidly, using plumb 
bobs when advisable, lie should exercise good judgment 
in selecting transit points and taking pluses. It is his 
duty to direct the axmen in clearing the line ahead and to 
see that the stakes are marked and driven correctly. A 
proper understanding should be had with the transitman 
as to signals. 

The head chainman should be the most energetic man 
available for the j)lace, as he regulates the speed of the 
party during much of the time. 

The rear chainman holds his end of the tape over the 
stake last set after seeing that the tape is taut and free of 
kinks and that the stake is not accidentally loosened in 
any way. He must be careful not to obstruct the view 
of the transitman. All pluses to fences, roads, streams, 
property lines, etc., are recorded by him in a notebook 
and reported to the transitman at the earliest convenient 
opportunity. He takes care of the tape and is held responsi- 
ble for its condition. 

The back rodman, when signaled by the transitman, holds 
the r()d plumb over the backsight station for orientation. 
He then comes forward immediately and brings whatever 
excess equipment may be on hand. 

The stakeman carries the stakes, which should be plainly 
labeled with the correct station number, and driven as 
directed by the head chainman. 

The stationing is continuous from the beginning to the 
end of the survey; thus Sta. 12 -j- 47.2 means 1,247.2 ft. 
from the beginning and not from the preceding turning 
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point. At each turning point, a huh should he driven nearly 
flush with the ground, and within about a foot of it, there 
should be a sloping guard stake on which is written the 
correct station nuniber. In case the point is on a traveled 
road, a nail through a metal washer may serve instead of 
the huh, and the guard stake is set at a certain offset distance 
on the side of the road. 

The (ixrncn an' sui)posed to clear the line of brush and trees 
so that the transit and level parties can get along success- 
fully, hut no trees should he destroyed that are actually 
not in the line of vision. When not otherwise occupied, 
they can make stakes. 

The levehnan following the transit party operates the 
level and keeps it constantly in good adjustment. Aside 
from running profile levels over the line, he establishes 
bench marks at about every 1,000 ft., and usually he 
keeps his own notes. 

A typical set of level notes is shown in the table below, 
and it should be s(Mm that the difference in the sum of the 
backsights (plus) and front sights (minus) equals the differ- 
ence in elevation of the turning points. The right-hand 
page is for remarks and descriptions of turning points and 
bench marks. 

A few engineers prefer level notes running u'p the page, 
in order that any sketches or cross-section notes on the 
right-hand page may appear to be in a better sequence. 

The rodman carries the rod and holds it vertical on the 
ground at all stations and at breaks along the profile. 
Pie should not overlook readings for the elevation of near-by 
streams, visible high-water marks, intersecting roads, etc. 
The rodman carries a small notebook in which he enters the 
readings on all turning points. 

The topographer should be one of the most capable and 
experienced men in the party organization. He will have 
one or two assistants. Frequently the transitman or 
levelman will do the work of the topographer. 

The topography of the narrow strip or belt embracing the 
preliminary center line is understood to include cross 
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Form of Level Notes 


Sta. 

n.s. 

H.I. 

Rod 

F.S. 

Elev. 

Remarks 

H.M. 

( 4 -) 

4 32 

504,32 


- (-) 

500.00 

B.M. on W. Oak Stump 75' 
L. Sta. 0 + 00. 

0 4- 00 



1 3 


503 . 0 


0 f 50 



2 5 


.501 8 


] 



0 7 


407 0 


2 



10 1 


404 2 


2 + 10 



12 01 


402 31 



] 04 

403 . 07 


11 00 

402 33 


3 



: 2 0 


402 0 

487 9 


3 f 50 



0 1 



4 



11 .4 

1 

10.50 

482 0 


O 

0.14 

483 . 52 


483 . 38 


5 



0.5 

483.0 

Spring Branch 

0 + 00 o 




2 31 

481.21 


Totals . 

fO 10 


J 

-24 89 
4- 6 10 

— 

500. 00 1 
i 481.21 / 

To 

tal dii 

Terence 

= 

IS 70 

18.79 


sections (or contours) and also ties to property lines and to 
all objects such as buildings, fences, pole lines, bridges, 
culverts, etc., and any other features which may in any 
manner influence the design of the road. Topography is 
advantageously taken by a party organized primarily for 
the purpose unless it is so scattered that it can be obtained 
without too much delay when running the center line. 
If the survey has been made as heretofore outlined, much 
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of this will have been accomplished, and the cross-secMon 
party can in many cases complete it. 

The so-call(Kl cross-section portjj includes at least a level- 
man and rodman. The instruments used are ordinarily a 
hand levels rod, and tape. If the j 2 ;r(Hind is not very abrupt, 
a wye or dumpy level is sometimes substituted for the hand 
level. A slope hoard and rod (see Tig. 3) has been used 
successfully on steep ground. 

The cross sectioiLs are taken at right angles to the (;enter 
line. 

A typical form of cross-section notes is shown below. 
The results are given in the form of a fraction in which the 
nuiiKirator is the difference in elevation of a })oint on the 
ground relativ'e to the center-line station, and the denomi- 
nator is the distance from the cenba* line, (hire should be 
taken to use the proper sign — /das to indicate ])oiuts above, 
and viitnis to iiidicate |)oints below tlu^ line. Thus, o])serv- 
ing that the notes run u}) the ])age, we see that at Sta. 28, 
a point 30 ft. to the left of the eenier line i;^ 4.8 ft. above 
Sta. 28, and a j)oint 35 ft. to the right is 0.8 ft. h( low this 
station. The intermediate })oiiits represent breaks in the 
ground. 


Typical Fokm op Cross-section Notes 


Sta. 

Elev. 


Left 


Iligbt 

30 

115.6 


+ 6.5 +4.6 

4 0.9 

0 

-0.5 -0.6 - 1 2 


28 18 

10 

0 

8 16 28 

29 

118.4 


+ 6.1 +4.1 

+ 1.0 

0 

-0.4 -0.6 -1.0 


26 16 

12 

0 

10 18 30 

28 

120.1 


+ 4.8 -1-2.4 

+ 0.5 

0 

0.0 -1.0 -0.8 


30 16 

10 

0 

12 20 35 

27 

120.8 


+ 2.8 +1.2 

0.0 

0 

-2.9 -5.0 -5.0 


25~ 12 

9 

0 

10 15 32 

26 

121.2 


4 1.7 4 1.2 + 1.1 r.O 

0 

-3.1 -6.1 -5.7 -4,4 


32 23 

15 8 

0 

12 16 20“ 30 


Some engineers have found it better to use a wye or 
dumpy level and record all rod readings giving actual 
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(and not relative) elevations of points along the cross 
sections. 

Many State Highway Departments have a central 
locating department which directs highway surveying 
op>erations in the state through the medium of the chief 
locating engineer, whose duties are as follows: 

1. To make reconnaissance of each survey either in advances 
of or with the party chii^f, although th<^ kh'al condition would be 
for the locating engineer to make a thorough reconnaissan(;e 
before the party reports on the job, thus definitely (‘stablishing 
the general routing of the road. 

2. To visit parties under their supervision as fn'quently as 
possible, to organize the party so thorougldy that all members 
may be kept busy and to see that work progresses smoothly and 
harmoniously. 

3. To decide when the taking of contour hvels is necessary 
to the proper prosecution of the work. 

4. Where paper locations are made, to study the contour map 
with a view to suggesting changes of alignment, involving saving 
in cost and also with a view to ascertaining whetluT standards 
have been followed. 

5. To suggest short cuts and revisions and to pass on difficul- 
ties encountered. 

6. To investigate, as occasion arises, the objections of citizens, 
or groups of citizens, to the jjroposed location. 

7. To visit proposed over- and undergrade crossing sites with 
representatives of the railroad company, making reports to 
general headquarters. 

The party chiefs report directly to the locating engineers 
under whose direction survey is made; they also report, progress 
to geneial headquarters. 

' 18. Contour Maps 

In hilly or difficult country, a contour map— which is a 
picture of the ground on a reduced scale — permits a com- 
prehensive study of the area (or narrow strip embracing 
the line) as a guide for adjusting and projecting the final 
center line. 

An experienced topograjffier will see the situations where 
much care is required in securing controlling contour 
features for projection. 
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In easy, rolling country, the preliminary profile and a 
few cross-section notes often suffice for final i)rojection 
if the engineer has a g{)od mental picture of the lay of the 
land. 

Several methods may be used for determining contour 
maps, among which are: (a) field location and sketching, 
(b) plotting from slope or cross-section notes, (c) by means of 
transit and stadia or plane table, and (d) by means of airplane 
surveys. 

a. Field Location and Sketching. Knowing the actual 
elevation of ea(di station as previously determined by the 
level party, the position of the contours is fixed on tlie 
ground at the points where they cross the surveyed center 
line and where they cross a line at right angles thereto at 
each station; and between these j)oints, the contours are 
sketched in by eye. 

To illustrate the foregoing procedure, assume the ^‘height 
of eye’' of the levelman to be 5.4 ft. (as would be obtained, 
say, by actual measurement), then if he stands on the station 
whose elevation is 592.4 ft. (above sea level), his II. I. will 
be at elevation 597.8 ft. Hence to locate the 590-ft. con- 
tour, the rodman should continue moving until the rod 
reads 7.8 ft., and to locate the 595-ft. contour, he moves 
until the rod reads 2.8 ft. It wull therefore be seen that 
the rod reading for fixing a point on the contour is found 
by subtracting its elevation from that of the H. I., and the 
rod is to be moved vertically on the ground in the direction 
of the center line (or at right angles thereto) until this 
reading is obtained. The horizontal distance to this point 
is then measured and recorded as part of a set of notes 
running up the page in the form of fractions of which the 
numerator denotes the proper contour and the denominator 
is the distance from the center-line station. 

The levelman may continue this operation in any direc- 
tion by moving to an established point on the contour and 
proceeding with a new H. I. to locate the next contour. 
It may expedite the work at times if the levelman himself 
moves forward and locates the next contour (at his feet) 
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by continually sighting to the rod held fast by the rodman 
on an established contour until the desired reading is 
obtained. 

The contour interval is usually five feet, but it may be 
more for very abrupt ground or less for rather flat country. 

h. Plotting Contours from. Slo2>e or Cross-section Notes, 
Interpolating contours from cross-section notes may be 
done in an office, but in irregular country, this nuithod is 
unreliable, and the finished contour rnaj) should be taken 
into the field and visually checked. 



c. Contour Maps by Means of Transit and Stadia or Plane 
Table. This method is particularly adaptable to rather 
extensive areas such as those embracing bridge sites, 
underpasses, and intersections. 

d. Airplane Surveys. Topographic maps by means of 
aerial photography are particularly advantageous where 
the country is covered with swamps, dense brush, or forests 
of an even height, and where a proper triangulation system 
exists. Such maps are unique in that they rejircsent in 
detail every topographic feature, such as extent of wooded 
areas, streams, roads, etc., and the individual prints may be 
combined into a mosaic map covering an area as large as 
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desired. Actual contours may be obtained by the use of an 
aerocartograph; in this case, ground elevations must be 
determined at points which can be recognized on the 
photographs. 

19. Referencing 

Two ways of referencing points in order that they may 
be re-established, if lost, are shown below. 

Method A. Measure carefully the distance from the 
given point (P) to three different objects, say a nail at the 
root of a tree, as shown in Fig. 4. It is important to choose 

B' 

hJO TOP OF LIGHTNING POD 
ON E P JONES HOUSE 


B 


0 


o 


-(i)- 


50' 

seo^E 


HUB 

-e 

A 

Fig. 5. 


NAIL IN 
2" OAK 




convenient objects, less than 100 ft. away, that can be 
found later, and that do not make acute angles with the 
given point (P). 

This method is simple and rapid, but it should not be 
used in the case of final location when the points will fall 
within the limits of construction. 

Method B, Two tacked'^ hubs {A and B in Fig. 5) are 
set at convenient distances from point P, and each exactly 
in line with distant points A' and P', which may be nails 
in trees or preferably distant objects, such as church steeples. 
These hubs should be placed where they will not be dis- 
turbed during construction, and the angle APB should 
approximate a right angle for the best intersection. 
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Point P can be relocated by setting the transit at points 
A and in turn, and finding the intersection of lines A A’ 
and BB\ Thus, supposing the transit is set at hub A \ 
fix the line of sight on point A’ and then locate two points 
so that a string stretched from one to the other would cover 
point P. Next, set the transit at hub B, fix the line of 
sight on B' and then determine the intersection with the 
string stretched in the direction A A'; which should locate 
point P. 

20. Bench Marks and Check Levels 

Bench marks should l)e established at intervals of about 
1,000 ft., and at, or near, all drainage or underpass struc- 
tures. All levels should, if possible, be ba^sed on U. S. 
Geological Survey or U. S. Coast and Geodetic Survey 
datum. Check levels must be run over the entire line, and 
the allowable error in profile levels between consecutive 
bench marks is the square root of the distance (in miles) 
times 0.05 ft. 

21. Preliminary Maps 

Preliminary maps should be drawn on a good grade of 
paper that will not shrink or distort. Working maps should 
be in sizes convenient for handling in field and office. 

Some drafting during the progress of the preliminary 
survey may be done advantageously by field draftsmen in 
the headquarters of the survey party. 

The map scales may be 1" = 200', 1" = 100', or 1" = 
50', depending upon the difficulty of the country. 

It is best to draw the maps with the stationing running 
from left to right and the lettering should be so placed that 
it can be read with the map right side up. 

To avoid cumulative errors in plotting, draw a standard 
bearing across the sheet, and lay off in turn the calculated 
courses by the method of tangent offsets; or if there is a 
great deal of curvature with short tangents, plot by cal- 
culated latitudes and departures. 

A study of the preliminary line and the topography 
adjacent to it, plotted on the map, enables the engineer 
to make a tentative paper location of the proposed route. 
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When this is projected on the ground, further adjustments 
are usually necessary to eistablish finally the best and most 
economical line. 

22. Methods of Staking the Projection 

The C'alifornia practice is as follows: 

The projected line shall not be staked by offsets from the 
preliminary line but by a continuous transit line based on 
traverses of calculated and scaled tic^s to the ])rcliminary line. 
By this means th(^ staked line will pass through or fall at the 
desired distances from the control points noted on the paper 
I)rojection. It should accordingly fit the ground as expected 
(except where inac'curacies in pndiininary data and cross sections 
are discovered. At such places it will have to be adjusted by 
revision, and as these revisions become ne(‘ossary, they should 
be ma(h^ by the location party. Minor inecpialities in fitting 
th(‘ ground may be made ])y grade changes, unless the grade 
line would thereby I'je distorted. It is not to be expected that 
a projection can be made which would not be subject to some 
advantageous changes during location for to attain that 
accuracy would involve more expense on prcliminarj'^ survey 
than on revision of reasonablj^ accurate projection. The 
method of running in the; projection and reaching the final 
adjustment to the ground will depend upon the individual prac- 
tice of th(* locating engineer, upon the accuracy of the base line 
and preliminary data, and upon the care used in projection. 

Method A. The projection is run in under the personal 
direction of a skilled chief of party who supervises the operation 
of applying the calculated projection notes and traverses in the 
field. He must follow the accuracy with which the center line 
fits the ground and revise or adjust it in the field as the survey 
proceeds and projection errors are discovered. Advantages 
appanmt as the line develops are incorporated into revisions. 
It is ne(^essary that profile levels be carried close on the heels of 
t he transit party to check elevation and cross-section controls. 
The complete alignment notes and curve data are made up as 
the survey progresses. In order to obviate frequent backing 
up and rerunning courses or curves the chief of party must also 
investigate the accuracy of the projection ahead of the party 
and recalculate same in the field. 

Method B. The locating engineer depends upon the accuracy 
of the preliminary data to the extent that his projection can be 
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run in by a qualified iiistrumentman and survey party and not 
be subject to iniinerous readjustments requiring his constant 
attendance with the party. To do this h(^ should, before^ con- 
sidering his projection completed, rc'view his designed align- 
ment by a “pr(\jection in hand” inspection of the ground and, 
if necessary, have important control point data or cross sections 
checked from th(^ pn liminary line. The projection is com- 
pletely traversed, and exact ti(‘s to th(' preliminary line indicate 
when' they can most easily be mad(\ Travc'rses of prc'liminary 
and of final line, b(‘ing on a common coordinate system, are 
easily calculated and manipulatc'd. Sketches of tlu' traverse 
and precalculated location alignment Tiotes can be furnished the 
transit jaarty. At each field ti(' the calculatcal nlation of the 
located lim* to th(' ])reliminary line is (dnH'ked and proper change 
substituttul in the trav(‘rse note's of the siiccec'ding course to 
bring it back to the calculated position. 

When using Method (1^) it is assunu'd that preliminaiy 
contours, cross sections or side' notes have been checked when 
the projection develops need for greater* accurae^v in tight con- 
trols, this being done' before location traverses a.r(‘ calculated. 
Ill Method (A) the check at controls must be done in the field 
and projection correcte'd as the line is placed. The locating 
engineer will find it profitable to familiarize himself with the 
advantages and possibilities in both mi'tliods and not confine 
himself to one method when reijuisite accuracy, speed, and 
(economy could be secured by occasionally using the other 
method. 

23. Road Intersections 

Intersections with state or county roads must be given 
careful study. Frequently they will materially affect 
the location. 

The traverses, profiles, and topography on these lateral 
roads should be obtained for a distance of several hundred 
feet from the intersection. 

The approaches should be sufficiently long to avoid any 
abruptness in grade and to provide proper curves for 
meeting the angle of the intersecting roads, , 

Special designs are usually needed for the intersection 
of trunk highways. Grade-separation structures should 
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be used where considerations of safety and economic studies 
involving; traffic intensities will justify the expenditure. 

24. Railroad Grade Separation Projects 

In order that delays incident to the carrying out of a grade 
separation project may be cut to a minimum, it is imi)ortant 
that those who make the preliminary surveys and prepare 
the subsequent plans, be guided by uniform rules which 
promote the progress of the improvement. 

Before any hearing is held in connection with a grade 
separation project, a general survey is made and a situation 
plan” prepared which will accurately portray the general 
situation and supply all the data that must Ix^ taken into 
consideration in the jm^liminary hearings and conferences 
dealing with the project. 

(Irade separation projects will be one of three types as 
follows : 

Overhead (highway carried above railroad), subway 
(highway carried under railroad) and relocation (the location 
of the highway changed so as to avoid crossing the railroad 
tracks). 

Aside from this last class, the use of the overhead or 
subway ty])e may involve a relocation of the highway so 
as to effect a practical crossing. 

If the highway goes under a railroad, the clear distance 
from bottom of overhead structure to crown surface of 
roadway should be at least 14 ft., if it goes over a railroad, 
the minimum clear opening vertically above the top of 
rail should be 22 ft. 

All plans for under- or overhead crossings, which should 
in all cases be based on comi)lete field surveys, must be 
approved by representatives of both the highway depart- 
ment and the railroad company. 

The following procedure is the practice of the Ohio State 
Department of Highways: 

a. Highway Information. Station 0 -h 00 of the survey shall 
be located in the (‘.enter of the system of trac'.ks e.rossing the 
highway and the stationing shall be carried each way along 
the highway from this point, designating each station by its 
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appropriate direction from the crossing. For example, Station 
t> + 50 North indicates a point in one direction from the center 
of the track system and station 0 + 50 South indicates the 
same distance in the other direction on the same survey. By 
the center of th(^ system of tracks is meant the center line 
between tracks for double track, the center line of the middle 
track in the case of three tracks, etc. 

The survey shall determine the following information as 
affecting the highway: 

1. Tlie location of the existing center line of the highway 
affected by the improvement. 

2. The angle of intersection between the liighway center 
line and that of each track if same arc not parallel. 

3. Pluses to the center line of each track (‘rossing the high- 
way, railroad right-of-way lines, property line's, side roads and 
drives, centc'r line of bridges and culverts, manholes, or other 
similar structures, houses, buildings, and any other features 
affected by the improvement. 

4. Stadia location of treats, pole lines, transmission towers 
and other general toj)ography, together with contours carried 
over an area sufficiently large to show the nature of the terrain 
within the scopes of the iini)rovement. 

5. Th(‘ ownership and location of abutting property or other 
propc'rty likely to be affected and the lo(*ation of all houses, 
buildings, platforms, or other f)ennanent structures together 
with the elevation of porches or lower floors and a note on the 
type and condition of the building especially as to foundations 
and basements. 

6. The width and type of the highway crossing of the tracks 
with the top of rail (4evation of each rail. 

7. The type, width, and thickness of existing pavement and 
the width of berms and ditches, within the probable limits of 
the project. 

8. The location of all existing safety signs and signals, 
drainage lines, drainage structures, gas lines, water lines, 
sewers, telegraph, telephone or power lines, traction lines, 
guard rails, etc. 

9. Record of any franchise, permit or agreement which 
affects the occupancy of the highway by any private cor- 
poration or individual. 

10. Local ion of streams and size of openings thereon, together 
with the drainage area, and approximate rate of fall per mile, 
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and hif^h and low water information of any stTcarn desirable 
as an outlet for subway drainaj^e. 

11. A profile of the existing highway and any relocation 
thereof, profiles of side roads and driveways and the profile of 
the site of a temporary detour if known. 

h. Railroad In.fonnatiori. 1. The location of railroad tracks, 
right-of-way lines, switches, stations, buildings, interlocking 
towers, and otlu'r facilities likely to b<‘ affected by the improve- 
ment. 

Stationing along the railroad shall be rim each way from the 
zero station of the highway survey and sliall be designated in 
the same manner. 

2. A profile of the tracks to the extiait required for the 
improvement, including industrial tracks. 

3. The location, tyi)e, and profile of any road crossing the 
tracks in the vicinity, with information on any overlu'ad struc- 
ture or subway that might restrict a change of grade of the 
tracks. 

The extent of the information gathered on the survey must be 
goverrnal somewhat by the type of th(‘ improvement contem- 
plated. 

If, when the survey is made, it is positively known that a 
particular type of separation is the only one which can be built, 
the judgment of the man in charge of the survey must be relied 
upon to gather adecpiatc! information on pertinent factors and 
omit those which do not apply. 

If the type is imleterminat.e at the tinu^ of the survey, then 
it is the duty of the field party to secure, as much information as 
possible over the territory whicJi would bt.^ involved in any type 
that might be considerc'd. 

SituAitio?i Plan. The survey information outlined above shall 
be shown on a situation plan, which, for convenience, may con- 
sist of two or more sheets. The scale should be 1" = 50' if 
practicable; if not, a scale of 1" — 100' will be acceptable. A 
vertical scale of 1" = 10' should be used on profiles. In order 
that there may be available space for adding the profile of the 
proposed improvement, the profile should be so located on the 
drawing as to leave space for 30 ft. of elevation above or below 
that of the tracks at the proposed crossing. In case the pro- 
posed grade crossing elimination involves a relocation of a 
substantial length of highway, the scale of the drawing should 
be reduced so as to permit the entire affected relocation to be 
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shown on one sheet. This should be done even if a scab of 
1" = 1,000' would be required. In sucli cases, however, an 
additional sheet or sheets should be prepared at the usual scale 
showing the detailed conditions surrounding any crossing or 
crossings that arc proposed to be eliininatcd. 

This situalion plan should be platted with the north point 
generally toward the top of the sheet, modified so as to permit 
the alignment of the highway to be approximately i)arallel with 
the top and bottom border line. The crossing which is to bo 
eliminated should be placed near the center of the drawing. 
It will generally be found desirable to devote one sheet to the 
highway alignment profile and pertinent inforinatJon and 
another to showing information pertaining to the railroad. As 
our survey will usually develop less information to be shown in 
connection with the railroad than with the highway, it is 
advisable to include on this second sheet, profiles and other 
pertinent information as to auxiliary highways that may be 
affected by the proposed improvement. 

The survey should not only be platted accurately but all 
information such as angles, essential distances, curvature, 
etc., should be s(‘t forth in detail. The name of the railroad 
company or companies should be shown with directional indica- 
tion toward the nearest important cities to the crossing. 

A tith} for the plan is to be placed in the lowtir, right-hand 
corner as follows: 


State of Ohio 

DEPARTMENT OF HIGHWAYS 
Situation Plan 

Crossing No 

— With— 

The Railroad 

Located 

S. H Sec County 

Scale As Shown Date 

Sheet 1 of Sheets 

Surveyed By Platted By 

Checked By 

When the situation plan has been completed as outlined 
above, consultation should next be had with the Bureau of 
Bridges and Railroad Crossings before any proposed features of 
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th(^ (‘-oiitomplniod iinprovc‘in(‘nt jiro. added to this drawing. As 
the plan finally adopted in eonneetion wiMi these projc’cts nuist 
1)(^ ngrei'able boiti to th{‘ State Highway J)epartinent. and to th(‘ 
atfi^eted railroads, it is freqiuaitly a waste of tiini^ to develop 
(hd.ails in advaina' of a hcairing, at wliich the thouglit of the 

dlroad cornpa,ny is develojx'd. 

When th(‘ giMK'ral ty]ie of separation has becai agreed upon 
and th(‘ limits of th(‘ project h<‘iv(‘ heini d(d('rinine<l, further 
plans will b(‘ pr('])ar(‘d in (h'ta.il. Th(‘se lattcT jilans should 
conform, so far as any highway work is eoiKa'rmal, with tlu^ 
general reiinireinents for a bed(‘ral Aid Highway Project. 

In making surveys and pri'paring tlu; situation plan for the 
i(‘eonstruetion of an existing si'paratiul railroad crossing, all 
piTtimait information should b(‘ siaaired and shown in the same 
maniK^r as for grades sc'paration proji'cts and in addition then'to 
th(‘ following information shall be secunal: 

a. A compl(‘te description of the existing structure, including 
vertical and lateral ch'arances, width of roadway and sichnvalks 
and structural defects. 

h. A n'cord of the ownm-ship of the structure and by whom it 
was built. 

c. A record of any legal pixxteedings, agnsanents or otluT 
documents und(‘r which tln^ const ruction was carriixl out.. 

As all negotiations with the railroad comjiany are carried on 
by the Bureau of Bridges and Railroad Crossings, it is necessary 
that during the development of these plans, the division and 
resident engirn^ers’ othex^s keep in (dose tomdi with this Bureau, 
and should avoid the giving or receiving of information from 
affected railroad companies, traction lines, or public utilities 
involved in the project. 

26. Railroad Grade Crossings 

Ohio practice is as follows: 

The Bureau of Bridges and Railroad Crossings has been 
designated to coordinate various phases of grade crossing 
matters between the several railroad companies and this 
Department, since this Bureau has constant contact with the 
various companies and is in position to handle negotiations with 
them expeditiously. 

Its object is to arrive at agreements with the railroad com- 
panies in establishing a fixed grade at ail existing crossings on 
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new construction projects, or on other projects involving a 
material change in grade of rigid or semi-rigid type paved 
approaches to crossings, or involving any change in elevation of 
railroad tracks. The purpose of such agreement is to arrive 
at a mutually satisfactory grade for such crossings in order to 
avoid future changes in track elevations to the detriment of 
the highway. 

Agreements for the establishment of new grade crossings or 
relocation of existing crossings are similarly handled in con- 
junction with the legal proceedings necessary for such projects. 
The General Code of Ohio requires the consent of the Court of 
Common Pleas, of the particular county, to such new oi 
relocated crossing, and any plans or work completed prior to 
such consent are j3r(‘sumptive of the court’s action and may 
result in scrapping of such plans or work, or at least result in 
delay through injunction. 

It is not the purpose of this Bureau to establish fixed grades 
for crossings on trafficbound roads, unless the relative positions 
of rails require adjusting to i)rovide a satisfactory crossing 
profile, or unless built up conditions adjacent justify such 
action. Likewise, this Bureau has no jurisdiction over the 
maintenance of approaches, and when a project adjacent to a 
crossing is completed, routine maintenance matters should 
proceed as usual. 

It is presumed that the division engineers or their local 
representatives can work out with local officials of the railroad 
companies, matters pertaining to the extension or routine 
maintenance of crossings and approaches, although the Bureau 
of Bridges and Railroad Crossings is always willing and ready 
to assist in such matters. In this connection, it should be 
remembered that the maintenance and construction of crossing 
pavements between the outside ends of ties are obligations of 
the railroad companies, and no authority exists for the expendi- 
ture of public funds for such work within the highway limits. 

In order that a standard practice in regard to grade-crossing 
matters may be formulated, the Bureau of Bridges and Railroad 
Crossings has adopted the following niles on projects coming 
under its supervision: (1) Crossing pavements (between outside 
ends of ties, and where there are no sidewalk requirements) 
should be two feet wider on each side than the adjacent pave- 
ment, to afford leeway for the driver off of the edge of pavement. 
(2) Where practicable, approach grades to crossings shall not 
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exceed 2 per cent within 50 ft. of the near rail. (3) Highway 
grades shall niecit rail elevations without a break in grade, care 
being taken that the same condition applies to pavement edge 
grades where a skewed crossing exists. (4) Where possible, 
curved alignment should be avoided across tracks unless the 
superelevation of the tracks and the proposf^d highway super- 
elevation can be made to coincide. (5) Flasher lights, wig-wag 
signals, or other warning devices, unless suspended over the 
highway, should be set a minimum of two feet clear of the 
pavement (the maximum clearance being left to the railroad 
officials as such signals arc their obligation). 

To expedite the reaching of agrecanents with the railroad 
companies, a site plan showing in derail, pn*sent and proposed 
construction should be submitted to the Bureau of Bridges and 
Railroad Crossings about a month prior to completion of con- 
struction plans, or as soon as possible after it is determined that 
a project will proceed. Such site plan should be on form 
GC-10, transparent paper — copies of which will be furnished 
on request. 

As blocking a crossing for crossing repair work, or raising 
rail levels to the detriment of the highway without the per- 
mission of the Director, is prohibited by la\v, all employees of 
the Department should promptly report to the respective 
Division Engineers all such violations, with details of the work 
being done. Division Engineers, unless authorization has been 
made for such blockade of highway or raise of track, shall 
promptly report same to the Bureau of Bridges and Railroad 
Crossings, and secure the service of the local police (in case of 
municipalities), or the sheriff or State Highway Patrol to see 
that such unauthorized blockade or track raise is stopped and 
corrected. 

Details of any work done by railroad companies on their 
crossings, or details of any work affecting material changes in 
approaches to such crossings should be furnished the Bureau 
of Bridges and Railroad Crossings promptly upon completion, 
so that grade crossing survey records may be kept compjgte and 
up to date. 

In general, any project likely to lead to extended negotiations 
with a railroad company, should be referred to the Bureau of 
Bridges and Railroad Crossings before being initiated, in order 
that the proper procedure for such negotiations may be worked 
out. and a consistent policy maintained. 
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26. Area of Waterway for Culverts and Bridges 

The fundamental factors involved in estimating the 
area of waterway for culvert and bridge openings sufficient 
to take care of flood conditions are: (1) rainfall (or runoff 
from melting snow); (2) size^ shape, and slope of the drainage 
area; (3) nature of the ground, whether rocky or porous; and 
(4) the design of the waterway itself. 

Studies should be made of local conditions, including 
maximum flood height, frequency of its occurrence, size 
and performance of other openings in the vicinity carrying 
the same stream, characteristics of the channel and of the 
drainage area, climatic conditions, available rainfall records, 
and any other information pertinent to the problem and 
likely to affect the safety and economy of the structure. 

Empirical formulas taking some of the foregoing factors 
into account may be used, but they should not displace 
careful field observations and the exercise of intelligent 
judgment. Talbot’s formula (see Table 17) and the Burkli- 
Ziegler formula have been widely api)lied. The watershed 
boundary may be traced on topographic maps, if such are 
available; or it may be run out in the field, and the area 
computed. 

The Burkli-Ziegler formula takes into account rainfall in 
addition to the size and condition of the drainage area: 

Q = eRyjj. 

in which Q = the quantity of water that reaches the culvert 
in cubic feet j)er second per acre; 

R = the average rainfall during the heaviest fall, 
in cubic feet per second per acre (1 in. of 
rainfall per hour is closely equal to 1 cu. ft. 
m per second per acre), and the value of R 
depends upon rainfall conditions and varies 
in practice from 2 to 10, with 3 to 4 as a 
general average; 

S = the average slope in feet per 1,000 ft. of the 
ground surface within the drainage boundary; 
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A — drainage area, in acres; 

(7 = a constant which depends upon the topo- 
graphic and climatic conditions, the average 
values being as follows: 

C — 0.20 for rural areas; 

C ~ 0.30 for municipal areas with macadam 
streets; 

C — 0.75 for municipal areas with paved streets. 

The Burkli-Ziegler formula is not so widely used for 
culvert design as the Talbot formula, but it is more appro- 
priate for use in connection with the design of sewers which 
receive the drainage from municipal areas. 

A comparison with existing culverts and bridges will 
give valuable information. It is not sufficient to know 
merely the size of opening provided by an existing structure, 
but there should be information secured as to whether 
that waterway is deficient or excessive; whether it carries 
a part or all of the flood waters; how the drainage area 
at an existing bridge compares with that at the proposed 
site; and whether the stream bed offers equal resistance to 
scour at the two locations. 

Considering an ordinary flood to be the largest in an 
average three to five year period, and an extreine flood to 
be the largest on record; Ohio practice is as follows: 

In the case of a briclge at a rural location, it will generally be 
sufficient to provide a waterway area adequate for ordinary 
floods, if reasonable provisions are made to safeguard the 
structure against damage due to the erosive velocity and high 
water level incident to extreme flood ; but for a bridge in or very 
near a municipality or at other locations where a restricted 
waterway opening may result in heavy damage to persons or 
property, provision for extreme flood conditions shall be given 
serious consideration. 

The foregoing shows the lack of definiteness which 
characterizes waterway determinations and should empha- 
size the importance of complete and reliable data, so that 
all information necessary will be at. hand for applying a 
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given method of computation, and further, that several 
methods may be compared. 

27. Culvert Surveys 

The survey for a culvert or bridge of 20-ft. span, or less, 
should be made with sufficient thoroughness to provide all 
information that is needed for the preparation of the plans. 
The dimensions, elevations, and angles should be taken 
carefully and recorded so that the structure will accurately 
fit both the road and the stream, and that the quantities 
can be correctly computed. The subsoil should be investi- 
gated in order to determine if any special foundation provi- 
sions must be made. The adequacy of the existing structure 
(or a portion of it) should be fully investigated as to its 
strength, roadway widths, skew, waterway opening, and 
suitability for use as a whole or in part. 

In case of bridges with spans beyond 20 ft., or a difficult 
smaller structure, the foregoing information should be 
obtained in even greater detail as would be required in 
the preparation of a site plan (see Art. 28). 

28. Bridge Surveys and Investigations 

The object of a bridge survey is to secure information on 
which to base decisions on certain fundamental points which 
determine the present efficiency of an existing bridge, or 
which govern the design of a new bridge, A survey should 
always contain sufficient data to fix definitely the location, 
elevation, and design of all parts of the structure. The suit- 
ability of the design that is prepared will depend upon the 
correctness and the completeness of the notes which are 
supplied by the survey. 

The following procedure as applied to (a) existing bridges 
or (6) proposed bridges is the practice of the Maryland State 
Roads Commission: 

^ a. Existing Bridges. When details of an existing bridge are 
wanted and no plans of it are available, it will be necessary to 
measure the structure in the field and simultaneously to draw it 
legibly in a notebook, to approximate scale, as a means of 
avoiding omissions and errors of measurements. Complete 
details of an existing bridge will be required as well as exact 
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information regarding its present condition; so that from the 
field data submitted an analysis of the stresses in the structure 
under a given loading can be made in the office. 

In giving a measurement, always show clearly the exact 
point to which it was taken. Dimensions and spacing of jfloor 
beams and floor stringers are particularly important. In 
addition to the detail dimension sketches of superstructure and 
substructure (the latter so far as possible), information should 
be secured as to when the bridge was built and by whom; 
present condition of details of construction and materials 
used; evidence of scour, backing up or overflow; direction of 
flow; complete information regarding high water stages, and, if 
possible, dates of their occurrence; the effect of natural forces, 
such as salt air or salt water, teredo, temperature and settle- 
ment on the action and life of the bridge; weights and kinds of 
loads passing over the structure; and elevations of top of floor, 
bottom of stringers, water surface, and stream bed. 

Alignment and grade of the stream, of the structure, and 
of the roadway approaches should be determined. The angle 
of skew to be recorded is the smaller angle between the highway 
center line and the face of the abutment. 

Every effort should be made to obtain depth of footings, 
character of foundations and thickness of abutment walls, pick 
and shovel or earth auger being used where necessary. Careful 
note should be made of the general condition of the structure^ 
such as settlement, movement or cracks in foundations, abut- 
ments or piers; loss in area of steel from rusting; amount of rot, 
shakes and other defects in timber; texture of concrete, spalling 
or other signs of deterioration; condition of floor; the type and 
action of expansion joints, expansion rollers or shoes; buckled 
or loose steel members or connections; and kind and condition 
of paint. 

Where an existing bridge is to be retained by being repaired, 
widened, or lengthened, the masonry and other parts should be 
measured very carefully and with much detail so that it can 
be duplicated from the notes. Measurements should^ be 
accurate and dependable to the nearest inch. 

Photographs should be taken to show the location and con- 
struction of the bridge as a whole, as well as the most important 
details. 

Finally, careful and complete recommendations should be 
included, from a study of field conditions, as to the manner or 
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method of improving, reconstructing, or otherwise modifying 
the existing structure; or, when so thought advisable, the 
reasons for abandoning the present structure and its replace- 
ment by a new one. 

h. Proposed Bridges. Having determined the necessity for a 
new bridge, exact and detailed site and construction data must 
be obtained for the proper selection of the type, span, roadway 
width, location, skew, grade elevation, etc., of the proposed 
bridge, and for the purpose of preparing final designs and 
specifications. 

Unless the bridge alignment is fixed by an existing road or by 
the location of a road survey, it is necessary to secure a proper 
site for the proposed bridge. Before starting the survey, a 
reconnaisance of the stream should be made for a distance above 
and below the tentative center line. The best location for the 
bridge is at a point where the stream is narrowest and where 
foundations can be secured at highest elevation. Skewed 
crossings should usually be avoided. A slight shifting of the 
line may often secure a crossing at approximately right angles 
to the stream. 

In general, the location should be such that sharp curves in 
the alignment will not be introduced near the ends of the bridge 
tangent. A location that would require a heavy grade on the 
structure should be avoided whenever possible. When grades 
are being laid, allowance should be made for clearance between 
the bottom of the trusses or girders and the floor, and also for 
clearance above high water. The clearance from high water 
to top of floor should be 5 ft. or more, dependent upon the 
character of bridge and size of stream. In general, the larger 
streams require more clearance to allow free passage of 
driftwood. 

The center line should he caref ully referenced so that it may be 
readily found when the bridge is staked out. Bench marks 
should be definitely located and accurately described and 
should be located in such places that they will not be easily 
displaced during construction of the bridge and the adjacent 
highway. The datum of the bench marks should always be 
given, and also whether it is that of the U. S. Coast and Geodetic 
Survey, the U. S. GeologicahSurvey, or assumed. 

Profiles should be taken of the center line and on a line 
parallel thereto and offset 20 ft. each side. If there is much 
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irregularity, sufficient cross sections should be taken so that an 
accurate contour map can be drawn of the proposed site. 

In case the grade of a bridge is to be determined by the road- 
way grade, it will be necessary to secure the roadway profile for 
several hundred feet each side of the bridge site. 

A traverse of the stream for a distance of 500 ft. each side 
of the center line of location should be made so that its general 
course can be determined. Where a channel change can be 
made to advantage, this should be noted and described. The 
topography should include all structures, islands, shoals, 
boundaries of wooded lands, buildings, fences, and"^all works of 
man. The north point, as well as the direction of flow of the 
stream, should always be shown. 

Elevation of normal water and extreme high and low water 
should be determined and given. The dates of extreme high 
water and sources of information are also required. For 
navigable streams, the mean or average high and low tide 
should be determined and care taken to see that these levels 
check the datum of the U. S. Geological Survey or the U. S. 
Coast and Geodetic Survey. The datum of the Geological 
Survey is average tide while that of the Coast and Geodetic 
Survey is mean low tide. 

An estimate of the velocity of current, in feet per second, 
at high water and normal water should be made. In mountain 
streams this is not always possible. In navigable streams, the 
velocity and direction of the current at mid flood and mid 
ebb tide should be obtained by the use of rods or floats. The 
character of the soil at the bed of the stream is often an index 
of the velocity during maximum flood conditions. This should 
always be noted. 

Any evidence of erosion by the stream, particularly along 
the banks, should be recorded as such evidence affects the 
layout of the structure. 

The amount and character of driftwood and ice should 
be determined and noted. Drift may be classified as heavy, 
medium or light. Heavy drift may be considered such as 
requires a horizontal opening greater than 25 ft.; medium 
drift such as will pass an opening of 12 to 26 ft.; and light drift, 
such as will pass an opening less than 12 ft. 

At locations over tidal streams, it is important to know 
whether or not the water is brackish. Nearby existing struc- 
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tures should be examined to see if there is any evidence of the 
presence of the teredo. 

A preliminary investigation should be made to determine the 
depth and suitability of fouridation nuxterial. If rock foun- 
dation is present, and not at a considerable distance below the 
bed of the stream, a profile of the rock surface can be easily 
determined and will be sufficient. If rock is not present, 
sounding rods or augers should be used to determine the char- 
acter of the foundations; and all of the area which is likely to 
be included by a bridge structure should be explored. Other 
material besides rock, such as a deep bed of gravel or firm clay, 
may be considered adequate for foundation. When taking 
wash borings^ the vertical distance occupied by each stratum 
of material should be determined, elevations given where 
changes occur, and samples taken and put in small bottles for 
this purpose. 

Soundings should be carried to a depth sufficient to insure 
against incorrect footing design. For larger structures, this is 
more important than for smaller ones; and where an arch 
bridge is contemplated, it is of utmost importance. The selec- 
tion of the type of structure may depend largely upon the 
information submitted concerning the foundation soil. 

The depth to which soundings should be taken will be 
governed by the nature of the material encountered. Where 
the type of bridge depends upon a rock foundation, sufficient 
soundings should be taken to determine accurately the elevation 
of suitable rock and to prove the existence of sufficient depth of 
rock below the proposed foundation. 

When the use of piling is anticipated on account of soft 
foundation material, or as protection against failure from 
scour, the depth of soundings should be governed by the nature 
of the material encountered. As it is not desirable to use 
piling of a length less than 10 or 12 ft., it is important that 
soundings should establish this depth of penetration as a mini- 
mum. They should be carried as much deeper as the softness 
of the material requires. 

The availability and quantity of local material suitable for 
concrete aggregate should be noted. The location of near-by 
quarries or deposits of stone suitable for rip-rap and masonry 
is important. It is also desirable to know whether lumber 
may be obtained locally. Where bridges are to be constructed 
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as separate projects a determination should be made as to the 
availability of material for the approach fills. 

A standard form has been prepared which provides blanks for 
stream information, as w(dl as construction data. Every item 
called for on the form must be filled in with the best information 
obtainable. 


The Location Survey 

29. Definitions 

The location survey consists of laying out on the ground 
the final center line which has been projected on paper or 
otherwise predetermined. The tangents, curves, and 
drainage structures are established by means of a continuous 
transit survey, and complete data are obtained for making 
plans, profiles, and cross sections, from which the yardage 
of excavation and embankment and various other quantities 
can be determined. 

30. Field Notes 

The field notes must be clear and concise, yet com- 
prehensive enough for making accurate and complete 
plans of the project. 

It is important that the levelman must check every item 
of his notes, and that check levels must be run over the 
entire line. Slight deviations, within permissible limits, 
may be adjusted over the line. 

The transit notes are kept in special field notebooks. 
Many engineers prefer to use duplicate loose-leaf notebooks. 
Referring to Plate II (page 58), the left page is used for 
recording stations, angles, curve deflections, curve data, 
and magnetic and calculated bearings; the right page is 
used for topography, sketches, details of references for 
hubs, location and bearings of all property lines crossing 
or touching the right-of-way, names of property owners, 
and anything which will affect the cost of construction. 
All curves should be marked ''open^' or blind, as the 
case may be. 

An accuracy of at least 1 in 3,000 should be attained in the 
chaining. Double-reversal methods should be used at 
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TRANSIT NOTES 



Plate 
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angle points and at intermediate transit points on long 
tangents. The calculated bearings should be based on 
sun or polestar observations, and “mean sea lever' (as 
determined by U. S. Coast and Geodetic Survey) should 
be used as a datum for leveling if possible. Proceeding 
in this manner, the highway location survey notes, when 
properly tied in with prominent marks of the terrain, supply 
data for permanent maps of the country. 

Transit points (hubs) should be referenced so that they 
may be relocated readily. In addition to the precise 
referencing of intersection points, the beginning and ending 
of all curves, points on long tangents, atid the place of 
beginning and ending of a survey should be referenced 
generally as to location, by giving the approximate distances 
to near-by towns or other well-known local ])oiMts. 

If the center-line points come on an existing road, a 
parallel offset line should be established for guidance 
during construction. 

On the front page of the notebook, opposite the flyleaf, 
should appear the name and number of the survey. Certain 
information of a very general nature will be given here, 
such as the description of the survey, the names of the 
members of the party, the notebooks used, dates, and the 
initials of the field computation checkers. 

The indexing of field books should be kept up as each 
survey is completed, and all notes should be intelligently 
and clearly entered, so that the same may be readily worked 
up by others who are not familiar with the survey. 

31. Equalities 

Equalities in station numbers should be avoided as much 
as possible, but when they are absolutely necessary they 
should be carefully explained on the flyleaf, so that a total 
stranger can understand them. Thus: Sta. 374 + 12.5 
of this line = Sta. 342 -}- 16.4 of the line ahead, or, if lines 
are designated by letters, Sta. 374 + 12.5 of line A = Sta. 
342 + 16.4 of line ahead. 

It is even more important still to avoid equalities in 
level datum. For this reason it is desirable, whenever 
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practicable, to base all levels on sea-level datum, as obtained 
from government bench marks. When this is impracticable, 
a datum may bo assumed, but this datum must be adhered 
to throughout the survey, and no equalities in datum will 
be permitted which are due to errors in the levels, unless 
they are satisfactorily explained on the flyleaf, and even 
then they are very objectionable and could scarcely reflect 
credit upon the engineer responsible for same. 

In “tying” one line into another, the new line should be 
run for at least two courses over the old line, and the equality 
of stationing noted at each hub in the field book, and other- 
wise explained, so that anyone can understand or plot the 
work. These ecpialities should also be marked on stakes 
securely driven nc'ar each hub. 

Errors of closure in levels and alignment must be carefully 
and conspicuously noted on the flyleaf, and reference should 
be made to the book and page showing the original 
courses or bench marks at the place where the tie-in is 
made. 

32. Soil and Material Notes 

In the case of new construction, notes should be made 
of the type of materials at various points along the survey, 
as indicated by soundings or borings, for the purpose of 
estimating a preliminary classification of the relative 
quantities of earth, loose rock, hardpan, or rock to be 
encountered. 

Available materials for construction, stone quarries, 
and gravel pits, with distances and character of road to be 
traveled over, should be noted. Often a pit or quarry 
unknown to county authorities or division engineers is 
located in this manner. 

33. Right-of-way Notes 

The following items are considered in preparing a right- 
of-way plan: location of boundary lines, full names of 
property owners, classification of lands tlmough which the 
survey passes, area of land cut off, location of water affecting 
pasture rights, stations and pluses of property lines, area 
(in acres) of right-of-way to be purchased, legal description 
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of the same, ties to at least one monument, and net length 
of center line across the property. 

Where trees, buildings, wells, and other features of similar 
nature, are within the right-of-way lines and the removal 
or changing of which affect property settlements, these 
items should be carefully shown on the plan to their true 
location and dimensions. 

It is well to check the name of the property owner in the 
county records, and investigate title for liens. Also fill 
out the tax valuation section of the appraisal report from 
the county records. 

Forms for easement titles to highway rights-of-way 
have been prescribed. This type of conveyance is usually 
a perpetual easement for highway purposes only. Property 
ownership, outside of municipal corporations, extends to 
the center of the road. 

34. Cross Sections 

Cross sections should be taken at each 100-ft. station, 
at all breaks in the center-line profile, and oftener if neces- 
sary to determine more accurately the volumes of excavation 
and embankment. Cross sections should extend for a 
distance on either side of the center line to allow the road 
templet to be superimposed upon them, whether the grade 
of the road at that point involves cut, fill, widening, super- 
elevating, or shifting of center line. 

Cross sections should also be taken at each culvert, and 
the distance out should be extended in case a relocation 
or cleaning out of the runoff channel is contemplated. 

There is a tendency to take too few cross sections, par- 
ticularly in rough country where rapid changes occur from 
cut to fill. The computation of quantities from cross 
sections is, at best, only approximate, and hence the field 
data should be as accurately representative as possible. 

The use of a 10-ft. level board is recommended on very 
steep slopes. It is more accurate than the hand level and 
requires less time and fewer men in the party. 

All projects which encounter a large amount of excavation 
or on which the director has a reason to believe the con- 
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tractor has not conformed to the specified cross sections, 
should be re-cross-secMonedj and the actual amount of yard- 
age should be computed before the final estimate is paid. 
This cannot be done however with fairness to the contractor 
unless the original cross section was carefully taken, slope 
stakes accurately set, and the re-cross-section taken directly 
over the location of the original cross section. 

A complete record should be kept of any changes of grade 
and alignment and of any authorized additions or deductions 
of yardage during the progress of the work. 

Borrow pits^ channel changes, etc., must be carefully 
cross-sectioned before the contractor is allowed to begin 
work on same. Upon completion of these, they should be 
re-cross-sectioned for final estimate of yardage. 

36. The Grade Line 

Trial grade lines should be drawn in pencil until the final 
line is established. As a rule this grade should be laid with 
a view of balancing cuts and fills. If the gradient is such 
that balancing can be accomplished without exceeding 
hauls of 500 ft., and the requirements of visibility and 
general appearance are satisfactory, then it is almost certain 
that the balancing will be economical. 

Wherever possible, the balancing of cuts and fills should 
be made in such a manner as to avoid waste or borrow. 
Ordinarily, the quantities of cuts should exceed that of 
fills, from 10 to 20 per cent (see Art. 30). In light work, 
spongy soils, heavy sod, or vegetation, a special allowance 
should be made. 

Information as to the unit cost of handling excavated 
material is necessary in order to determine whether 
balancing, wasting, or borrowing is most economical. 
Wasted ipaterials can in nearly all cases be used to 
widen fills. 

Level grades should be avoided if possible, as a slight fall 
insures better drainage. Vertical curves of considerable 
length should be introduced where the total change of 
grade exceeds one-half to one per cent. Short choppy 
grades should in all cases be avoided. 



64 HIGHWAY SURVEYING AND PLANNING 


The grade line is often fixed by requirements of greater 
importance than that of balancing cuts and fills. Thus: 

1. In rock work it is generally cheaper to have the 
embankment quantitieKS in excess and borrow earth rather 
than cut down into the rock deep enough to obtain the 
balance. 

2. It may be cheaper to borrow dirt rather than pay for 
the cost of overhaul. 

3. In towns the grade may be adjusted for street inter- 
sections or lowered to receive drainage from the abutting 
property, while in flat, swampy country it may be raised 
so that the fills are in excess, in order to give better founda- 
tion and drainage. 

4. Necessary maximum rate of grade to reach a summit. 

5. Necessary approaches to bridges, underpasses, or 
intersecting roads. 

36. Construction Stakes 

When actual construction is about to begin, it is the 
engineer’s duty to see that a suflicient number of sub- 
stantial stakes are set correctly for the guidance of the 
contractor. 

a. Center Line. The location of the center line as shown 
on the plans is the first operation of the construction 
survey. As the survey progresses, all angles, measure- 
ments, and bench marks should be checked; and the stakes 
that have been destroyed should be reset. All points of 
intersection should be carefully witnessed to permanent 
objects located outside of the working area of the 
project. 

6. Slope Stakes. The slope stake (see page 82) is the 
contractor’s guide in making his cuts and fills. These 
stakes are set for all heavy grading sections and on any 
section where the contour of the ground is such that the 
contractor would have difficulty in following grade stakes. 

On sections having both cut and fill, the grade point” 
should be staked. 

The attention of the contractor should be called to the 
importance of observing the cuts and fills as shown on the 
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slope stakes where superelevated curves are encountered, 
to preclude the excavation being carried too deep. 

c. Grade Intakes, In case the grading is light and no 
slope stakes are required, grade stakes are set before excava- 
tion begins, at 50-ft. intervals on each side of the road on 
tangents, and at 25-fl. intervals on superelevated curves. 
But if the grading is heavy, the grade stakes are set when the 
contractor is ready to begin his fine-grading operations. 

In pavement construction, the top of the stake should 
represent the grade for the forms. When old macadam 
or hard materials are encountered, a steel drift pin should 
be used to make an adequate opening for the stake. When 
the stakes are driven far enough to insure their tightness, 
they may be sawed off so that the top is at grade. 

37. Special Surveys 

Surveys for minor improvements, such as partial recon- 
struction or resurfacing of the highway may come uiider 
this classification. Special surveys also include land sur- 
veys for (1) right-of-way descriptions (see Art. 33), (2) 
grade-crossing eliminations (see Art. 24), (3) site plans for 
drainage structures (see Art. 28), and (4) subsoil studies. 

Plans and Profiles 

38. Explanation 

Much of the work in connection with highway planning 
is usually done on paper. This calls for maps of the area 
upon which the proposed route is tentatively projected 
before being finally established on the ground. 

Then on the basis of field surveys, data are available for 
preparing a detailed set of plans (or maps) including title 
sheet, typical pavement cross sections, plans and profiles, 
cross sections of excavation and embankment, structural 
plans, sunmiary sheets, and such departmental standards 
as are necessary for the project. 

All plans in accordance with the U. S. Bureau of Public 
Roads Standards are on sheets measuring 22 by 36 in. 
with a binding margin two inches wide on the left-hand 
edge. 
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Plate III. 



HIGHWAY LOCATION 


67 


39. Scales 

The plan is usually drawn to a scale of 1" = 100'; while 
the profile of the center line has a scale of 1" = 100' hori- 
zontally and 1" = 10' vertically. The yardage cross 
sections are drawn to a scale of 1" — 5' (or 1" = 10') both 
horizontally and vertically. Variations from these scales 
occur in special cases, depending on the topography, type 
of work, and the data required. 

40. Typical Sections 

A typical cross section of the pavement should be placed 
on the first sheet directly following the title page. This 
section, on a suitable scale, should show the various slopes 
for cut and fill, the crown of the finished pavement, the 
width of shoulders, the thickness of the various courses of 
pavement or resurfacing, the position of the profile grade 
line, and the center line of the right-of-way and of the 
pavement. 

Widening and superelevation tables must be made for 
each curve and should be shown on special sheets immedi- 
ately before the yardage cross-section sheets. 

Plate III shows a typical cross section with conventional 
terms applied to highways. 

41. Data on Plan 

The plan of the road shall show the center line of con- 
struction; bearing of tangents; angles of intersection; 
station of beginning and ending of curves; full data for 
each curve including intersection angle; equations of 
stationing; streams and railroads on or within 500 ft, of the 
center line; property lines; names of property owners; 
intersecting roads; location, size and purpose of all pipe 
lines; location, size, and direction of flow of present and 
proposed culverts and bridges; structures affected by the 
proposed construction; the location of all unusual and special 
features, such as guard rail, retaining wall, ditch protection, 
manholes, catch basins, inlets, and connections. 

The plan sheets shall show the balance points of yardage, 
together with a subsummary of the same between each 
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balance point. These plans shall also include excavation, 
embankment, waste, and borrow. 

Such items as may be readily defined as to location, 
standard, or kind may be tabulated or noted, but the 
tabulation should be arranged in a uniform manner on 
each sheet concerned. For minor changes and for locations 
requiring new or additional right-of-way, the margins of the 
existing road shall be shown by broken lines. Where 
major relocations of roadway are made, the old road should 
be shown, for at least a distance of 500 ft. on either side of 
the center line of the proposed new road. Plans shall 
be platted with the stationing from left to right. A north 
point shall be placed upon each sheet. 

Each set of plans should show the alignment and profile 
of the existing road for such distance beyond each end of 
the project as shall be necessary to avoid any future changes 
in alignment or grade in the project. 

42. Data on Profile 

All elevations shall be based on sea level data carried 
from the nearest U. S. Geological Survey bench mark. 
The profile shall show datum lines; the profile of the surface 
of the proposed center hne; tops of rails of all grade cross- 
ings ; elevations of all inlets and outlets of existing culverts ; 
flow lines of all tile drains; profile of intersecting streams; 
low and high water marks, with data of same; elevations 
of existing bridge footers, seats, and floors; pipe lines and 
conduits; driveways; profile of intersecting roads for at 
least 500 ft. on each side of the center line; ground eleva- 
tions at all buildings that may affect the grade of the 
improvements; clearance of all overhead structures and 
cables above grade; the proposed grade line together with 
the percentage of all grades and the location and elevation 
of all intersections thereof; the length of vertical curves; 
elevation of footers for new structures; elevation and 
complete description of all bench marks. 

The profile of the existing road shall be delineated by 
broken straight lines between the points where the actual 
rod readings were taken. The grade line shall represent 
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Plate IV. — Plan and profile for a highway. 




70 HIGHWAY SURVEYING AND PLANNING 


the crown profile of the finished pavement on tangents 
and be the basis of the elevation of the top edges of the 
pavement where widening or superelevation is applied. 

Bridge Layout^ 


43. General 

Bridges should be staked out as soon as the contractor is 
ready to start operations. Before beginning to stake out a 
bridge, go over the site, taking the plans with you, and compare 
carefully the location of all parts of the structure as shown on 
the plans. Try to get a mental picture of how the completed 
structure and all its parts will appear on the ground, and thereby 
avoid errors in staking. 

44. Stakes 

Set all stakes in such manner that they will be unmistakably 
understood by the contractor, and in such number as may be 
required by that part of the work. 

For hubs, use 2 by 2 by 18 in., preferably of hard wood; for 
other work, use 1 by 2 by 18 in. dressed softwood. Use lath for 
temporary markers. 

45. Alignment 

Carefully establish the center line well back each way from 
the bridge and check all hubs until you establish the line cor- 
rectly. Then proceed along the center line of the bridge to 
measure, line in, and set heavy wood hubs driven to practical 
refusal at face line of abutments at undercoping, and at center 
line of piers. The contractor's attention should be called to 
any offset batter distance for the neat lines at the bottom. 
Check and recheck every measurement. In your notebook, 
make a sketch of the plan of all masonry units and show the 
position of all hubs driven; and later, as you set them, show 
reference hubs. 

46. Staking The Structure 

From the center-line hubs, lay out the axis of each pier or bent 
and faces of abutments and wing walls. Watch your angles 
carefully and check them by measurement between your refer- 
ence hubs as you set them. Set heavy reference hubs in both 
directions along the line of the face of abutment walls at under- 
coping and the axis of piers; or^ if the ground is unsuitable, set 

' A large part of the material in this section represents the 
..«|)ractiee of the Maryland State Roads Commission. 
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them on offset lines. Set one hub outside the end excavation 
lines, one at the right-of-way line, and one well back on private 


Key 

■ Hub giving line oinol 
elevoi+ion 

o S+oike or hub vs/i + h 
tack on line 



Note 

Check meoisuremen+s ino<icoi+eol must be 
toiken in oill coses. After the forms are 
portiolly built, the inspector should set 
elevotions for the bridge seot. In ccxse 
of no coping on bridge seot. the under- 
coping line becomes Tine o»t top of bridge 
seoit. 

Fig. 6. — Method of staking bridge. 


property, if you can do so without damage or with permission. 
Set these last hubs well back where they will not be disturbed. 
Drive all reference hubs well below the surface and set guard 
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stakes. Measure in all hubs with reference to the center line 
and record them in your notebook. 

In the case of an arch bridge, the critical points to locate are 
the intersections of the springing lines with the center line of the 
bridge. This applies to single or multiple spans. 

Fig. 6 shows the method of staking out a bridge. 
a. Steel Bridge Substructure. The most important dimension 
in a steel bridge substructure is the distance Ijack to back of 
curtain or back walls, as the superstructure has a definite and 
exact length which cannot be changed after the material is 
fabricated, to correct for errors in the substructure. Hen?o in 
the case of a single span, the abutments must be staked out 
using the intersections of the faces of the back walls and the 
center line as the critical points. 

h. Multiple-span Bridge, In the case of a multiple-span 
bridge, the exact station for the center of each pier must be 
established, and the distances measured to tlie center of piers 
from the face of the back wall of the first abutment to be h)uilt. 
Likewise, the face of the back wall of the second abutment 
should be measured from the first. If, for any reason, a pier 
is built first, then the faces of the abutment back walls and the 
centers of the other piers should be located from this pier. 

c. Wing Walls. In staking out wing walls, the inspector 
resident engineer should take care to check their lengths and 
their heights at the end, to make certain they properly fit the 
slope of the embankment fill and the edge of the channel. This 
is especially important on skewed abutrnents, because the 
wings then have different lengths and usually different end 
heights. Wings should have sufficient height to prevent the 
highway embankment, at a slope of 1^:1, from encroaching on 
the channel, and the height of wall at the end should also be 
made to fit this slope. 

The inspector should keep in mind that it is not always pos- 
sible to see from one side of the stream to the other on center 
line during the course of construction, due to equipment or 
material piles. It is good practice, therefore, to set two points 
on center line on each side of the stream from which to take 
backsights. 

47. Care in Chaining 

Take pains that your chaining is accurate enough to locate 
the bridge exactly on the station where the plans show it. In 
^taking small culverts, shifting a few feet may make no differ- 
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ence, and may even improve the drainage; but on larger struc- 
tures across difficult streams, an error may land your bridge on 
foundations of a considerably different (character from those for 
which it was designed. It is likewise a very serious matter i^ 
abutments are so built in error that they will not receive the 
steel superstructure, or arch footings so constructed that they 
cause a change in the span of the arch. Hence the necessity 
in staking out, for checking and rechecking by different methods 
all lines, measurements, and angles. 

48. Setting Elevations 

As soon as possible after getting organized, run a permanent 
lino of bench marks and permanently reference all points on line. 
Establish bench marks at convenient places so that they may 
be reached for various parts of the structure l:)y one set up. 
Accuracy in this work cannot be too greatly stressed, as the 
correct placement of your entire structure depends upon the 
proper starting point for cither line or grade. 

Carefully check your level work. Get your bridge to come 
out at th(^ elevation it was designed to have. There is often 
very little leeway in whieffi to make adjustments of approach 
grades, as the approach pavement may be already built to 
within a few feet of the new structure. 

49. Taking Cross Sections 

Cross-section the entire bridge site within the limits of the 
right-of-way. Take and record elevations at all angles, 
corners, and intermediate points along and within the lines of 
excavation for all foundations where breaks in the ground 
surface occur. Take careful and extensive cross sections at 
abutments. Make a sketch of the plan of each abutment and 
pier excavation in your notebook, and show all ground eleva- 
tions within the area, and the location of the points where 
elevations were taken. 

60. Skew Angles 

Where skews are required, set your angles with extreme care, 
as it becomes almost impossible to erect steel on abutments 
improperly skewed. 

61. Triangulation 

Where there is a span across a stream too wide to measure 
accurately with tape line from center to center of the masonry, 
or in the case of piers of long bridges, the triangulation method 
must be used. This consists of laying out and measuring very 
carefully a base line on each side of the river at about right 
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angles to the center line and approximately equal in length 
to the distance across the river. In measuring the base line, 
extreme care must be taken, and corrections made for sag, pull, 
grade measurements, and temperature. The base-line measure- 
ment must be repeated several times. The triangles formed 
by the base linos and the center line are then completed by 
measuring carefully all possible angles from and to the ends of 
each of tlie base lines, the average of six to ten iiKiasurements 
of the same angle at each point being used. The triangles must 
then be carefully adjusted and computed. The length of the 
center line included in these triangles thus becomes known and 
fixed accurately. The center lines of the piers can then be 
located by transit liin; intersections from the ends of the base 
line or by direct measurement. 

52. Excavation 

Excavation should be carried to the depth shown on the 
plans unless unforeseen conditions arc encountered, in which 
case the district Ciigineer must be consulted. If, for any 
reason, excavation for an abutment or pier has been carried 
below the depth shown on the plans, the concrete should be 
started at this low"(U’ elevation. Unnecessary or excess width 
of the foundation should not be permitted; nor paid for, if done. 

If explosives are used in removing rock or hardpan, the 
contractor should be warned not to overshoot the foundation; 
that is, disturb the underlying formation and spoil it for 
foundation purposes. Material below plan grade which has 
been loosened by shooting should be removed and replaced 
with concrete at the contractor's expense. 

63. Cofferdams 

Careless methods of constructing cofferdams, or the use of 
inferior or inadequate materials in their erection, should not be 
permitted. Check over the layout which the contractor has 
made on the ground for the cofferdam and see that he has read 
the stakes correctly, and that it is of sufficient size and in the 
correct location. 

See that cofferdams are large enough to permit easy access to 
all parts of the foundation forms. Cofferdams should be as 
near watertight as possible. Means must be provided for the 
proper drainage of the area inside the neat lines so that the 
footing concrete above any seal coat may be poured in the dry. 
A distance of not less than 12 in. should be left from neat lines 
of footings to the inside of cofferdam for underwater work. 
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The framework in cofferdams must be heavy enough to take 
care of pressure with the least number of cross braces to inter- 
fere with pile driving or with other operations. 

Where cofferdams are unwateied, a stake should be set for 
each pile to insure its being driven in the proper location. 

64. Driving Sheeting 

In driving sheeting, the best practice is ordinarily to keep the 
points a foot or two lower than the excavating operations, the 
sheeting to be set in place and driving begun before the excava- 
tion is started. When finally driven, the lower ends of the 
sheeting should be about two feet lower than the bottom of the 
excavation under ordinary conditions. Of course, where 
rock or other impenetrable strata are encountered, this cannot 
be done. Also, where fine sand or plastic soils exist at footing 
level it may be necessary to drive the sheeting much farther 
than this in order to cut off the flow of such material underneath 
the sheejting and up into the excavation. If the sounding 
record on the plans shows such soils, it is well to call the atten- 
tion of the contractor to this fact before material for a cofferdam 
is ordered so that he may provide sheeting with extra length 
for this purpose. ^ 

66. Foundations 

The foundation is the most vital part of the structure, there- 
fore extreme care should be taken to secure a good foundation. 

When possible, the excavated area is to be pumped dry so 
that a full inspection may be made before any concrete is 
placed. Where it is impossible to unwater the foundation, 
or to keep the water out during concreting of a footing, it may 
be necessary to place a seal course by means of a tremie or a 
bottom dump bucket. Such work should not be done without 
securing previous approval. 

The use of a tremie must not be permitted until every precau- 
tion for handling it has been made. This work cannot be done 
with a makeshift outfit. Seal courses must be poured 
monolithic. 

Special precautions are to be taken against foundation 
material which is apparently stable when dry but unstable when 
wet or saturated. 

66. Excavation Record 

This record, a sample of which is shown in Fig. 7, should be 
kept for each abutment and pier. It serves, not only for the 
purpose of record on the particular bridge for which it is taken ^ 
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but when collected by the Bridge Department for different 
structures in the vicinity, these data give information of actual 
subsoil conditions. This is of great value in designing the 
substructure of futtire bridges. 

The formula on page 97 shows how the volume of excavation 
is computed. 


Excotvotfion Recorof 
Conirotci No. P-173-3/ 1 



Pier No.3 
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8jZ4l5l m 



140 

brown Cloi\i 


J57 

Yellow Clofy 


I3fi 



8 [25 151 

155 

Blue Clay 


151 

SomdSdOfroiwe} 
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doffom of'foolinof 
Fig. 7. — Soil excavation record. 


57. Inspection of Foundation 

Footings should be carefully inspected to insure proper 
bearing for the structure. 

No concrete should be deposited in foundations until the 
district engineer has been advised of the depth, subsoil con- 
ditions, and other features having a bearing on the stability 
of the foundations. The inspector should then withhold con- 
creting operations until duly authorized to proceed. This 
is important and must never be overlooked. 

58. Driving Piles 

A large percentage of the bridges built are on pile foun- 
dations. Inasmuch as the type of equipment used in pile 
driving is necessarily light, precaution must be exercised in the 
driving operations. Except where batter piles are specified, 
care must be taken to insure the pile being driven as nearly 
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vertical as possible, as then greater penetration can be secured. 
Frequently boulders or other obstructions are encountered 
which deflect the course of the pile or entirely prevent its 
driving. When it is apparent that the pile is brooming or 
failing, the driving should be stopped, as piling becomes 
ineffective by contiimed driving after the pile has come to 
refusal. When the penetration is i in. or less per blow, driving 
should be stopped, as such penetration can be considered 
refusal. Watch the piles carefully, and if they have a tendency 
to split, they should be provided with a metal collar. Watch 
for bounce at the pile head; and note particularly what the 
specifications say in regard to bounce when computing the 
bearing power of the pile. In the case of gravity hammers, be 
sure the hammer has a free fall. 

All foundation excavation in which piles are to be driven, 
must be completed before pile driving is commenced. In 
foundations where piling are driven closely together, get an 
elevation on the top of each pile as driven, and as the driving 
proceeds, check these piles; they may at times come up several 
inches, due to heaving, as the ground compacts from displace- 
ments. If they do come up, finish driving all piles and then 
return and drive heaved piles back to place. 

Piling shown on the plans must never be omitted without 
approval; but if you find that you are not securing a penetration 
of more than 6 or 8 ft. you should take up this matter at once 
with the district engineer. This small penetration may give 
enough bearing power to carry the load, but there is the possi- 
bility of scouring which must be considered. 

The same thing is true when the piling goes down rapidly 
under the first few blows (say, 12 to 18 in. per stroke) and then 
begins to tighten up during the last few feet. In this case you 
are getting only a few feet of adequate bearing, which would 
not be enoiigh in the case of heavy scouring. 

Piling should be driven to the capacity specified, but the total 
penetration obtained must be satisfactory regardless of the 
fact that the required bearing capacity may have been obtained 
at a less penetration. If the pile is still going down well when 
the required capacity is obtained, you should consider the 
possibility of scour, and if this seems probable, continue to drive 
until refusal or until an ultimate penetration is noted. 

It is well to remember that piling is used in foundation work 
on account of scouring, as well as for safe bearing. 



78 HIGHWAY SURVEYING AND PLANNING 


Piles must not be spliced without written permission. If 
permitted, the splice should be examined carefully to see that a 
butt joint is made which has a uniform bearing over the entire 
area. 

In general, the foregoing discussion on piling applies to 
precast concrete piling as well as to timber piling. 

Extensions or splices in precast concrete piling should not be 
permitted. 

Where pile foundations arc provided, a plan sketch of each 
foundation should be made in the structure book, showing the 
actual number of piles placed and their locations. Each pile 
should be given a number, beginning with No. 1 for each 
foundation. The number should be placed in a small circle 
on the sketch to show clearly the pile to which it belongs. The 
pile driving record should then give, by corresponding number, 
the required information for each pile in the foundation. 



CHAPTER II 


EARTHWORK 

General 


59. Definitions 

Aside from roadway and drainage excavation and embank- 
ment; the term earthwork includes clearing, grubbing, borrow, 
overhaul, shoulders, finishing and cleaning up subgrade, 
and any other items necessary to complete grading of the 
roadway. 

Grading is measured by the cubic yard, and the unit price 
includes full compensation for excavation, formation of 
embankments, trimming slopes, disposing of surplus 
materials, and the preparation and completion of roadway, 
subgrade, and shoulders. Measurement of grading is 
made in excavation only, except where otherwise specifically 
directed. Some grading contracts provide for payment of 
overhaul (see page 101). 

Grading operations are usually done with power shovels, 
scrapers, or special road-grading machinery. 

The embankment, in order to support a pavement, must 
be of material which will remain in place and become firmly 
compacted. Sod, muck, and other unstable material from 
cuts or channel changes should be wasted and, if necessary, 
other material borrowed to replace it in the embankment. 
Specifications frequently require embankment material 
to be spread in horizontal layers and rolled before the next 
layer is placed, particularly if a pavement is to be con- 
structed shortly afterward. 

Borrow Pits. If earth from the near-by cuts is not 
sufficient to make the fills, the contractor is allowed to 
obtain it from borrow pits, which are cross-sectioned by the 

79 
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engineer both before and after excavation, in order to 
measure the volume in cubic yards. 

60. Classification of Excavated Material 

Excavated material is usually classified as (a) common 
excavation^ (b) loose rockj or (c) solid rock. 

Common excavation is largely earthy or earth with detached 
boulders less than \ cu. yd. Loose rock usually refers to 
rock which can be removed with pick and bar without 
blasting. Solid rock comprises rock in solid beds or masses 
of boulders measuring 1 cu. yd. or more. 

61. Shrinkage and Swell Factors 

Excavated earth when placed in a fill will usually become 
compacted so that its final volume is less than the space 
originally occupied in the embankment. This difference 
between the original volume in cut and the final volume 
in fill may be defined as the shrinkage. 

Shrinkage may be allowed for by increasing the yardage 
of embankments. An average allowance is 10 to 15 per cent 
for fills over 4 ft. deep and 20 per cent for shallow fills. 

The actual volume of freshly excavated material is at 
first increased due to its loose and porous condition. Then 
compaction and shrinkage begin to take place. The 
rapidity of shrinkage depends upon the character of the 
material, method of placing the fill, climatic conditions, 
and the intensity of loads on the fill before stability has been 
reached. Shrinkage generally includes wastage in trans- 
porting material from cut to fill and loss in material whioli 
washes beyond the toe of the slopes. A considerable 
amount of shrinkage usually takes place during construction. 

Shrinkage should not be confused with subsidence^ which 
is a settlement of the entire embankment due to unstable 
foundation conditions, such as might be expected if a heavy 
fill is placed on swampy soil. 

In case of rock excavation, the material will occupy a 
larger volume; the increase called swell, amounting to 
25 to 40 per cent. If, however, a comparatively small 
amount of rock is placed in an embankment so that the 



EARTHWORK 


81 


voids are filled with earth, there is no “swell factor to 
be considered. 

62. Side Slopes 

Earth slopes are usually 1 to 1 in cuts and horizontally 
to 1 vertically in fills, except as modified by departmental 
standards or soil conditions. In sand cuts and fills and 
in cuts subject to slides, the slopes may be 2 horizontally 
to 1 vertically. 

In cases where borrow becomes necessary to make the 
required fills, it may be advisable to widen the cut sections 
or flatten the slopes thereof to provide the necessary yardage 
in the fills. This in turn will increase the sight distances. 

Slopes may be protected against erosion by sodding and 
planting grass seed, vines, or dwarf shrubbery. Under a 
law just enacted in New York State, all highway improve- 
ment contracts must include items of trees and shrubbery 
for this purpose. 

63. Roadbed Sections 

Figure 8 shows typical roadbed sections for a railroad^ 
highway, and street (business and residential). 

On railroad work, the subgrade is usually flat and not 
sloped on curves, superelevation being added in the ballast. 

The highway subgrade is usually formed with shoulders 
and a trenched section to receive the pavement; the finished 
surface being crowned to facilitate drainage. On curves, 
the subgrade is banked; it is also widened for curves of 7° 
or sharper. The width of roadbed in cuts is wider than 
on fills to allow for the side ditches. The formation of the 
trenched subgrade and shoulders requires “fine grading^' 
which is sometimes a separate item in the cost of “roadway 
grading.” 

On resurfacing projects, “reshaping and scarifying” to a 
depth of about G in. is often paid by the square yard instead 
of by the volume quantities. 

The normal cross section of a city street has a crowned 
pavement with curb and gutter depressed sufficiently to 
receive drainage from the sidewalk and adjoining property. 
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In residential areas, a planting space for grass and trees 
should intervene between the sidewalks and curb. 

64. Slope Stakes 

Slope stakes are set at points where the side slopes of the 
graded road will intersect the ground surface; they mark 
the limits of excavation and embankment. The slope 
stakes are driven at points of zero cut or fill, but the numbers 



Business Residence 

Street Cross -Section 

Fig. 8. — Typical roadbed sections for railroad, highway and street. 


written on them give the vertical distance with reference to 
the finished plane of subgrade. On the inner side of the 
stakes is marked in feet and tenths the “cut’’ or “fill” 
as the ease may be. Thus, “C d.2” indicates that the 
center-line elevation of the roadbed is to be cut 3.2 ft. 
below the ground at the slope stake; and “F 4.6” indicates 
that the fill is to be 4.6 ft. above the slope stake. 

The stakes are driven with the tops slanting outward, 
and with the sides upon which the cuts or fills are marked 
facing the roadway. The station number is marked on 
the other side of the stake. 
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Example 1. Part A, 

Referring to Fig. 9, which represents a fill on side-hill ground, 
let 

b = AB — width of roadbed; 

8 ~ “slope ratio” for the fill = ratio of horizontal to 
vertical; 

d - PC == depth of fill at the center; 

Xi — horizontal distance from P to D; 

X 2 — horizontal distance from P to E; 
d + 2/1 = vertical distance from C to D; 

^nd d — y 2 — vertical distance from C to E. 



The slope stake at point D, on the right, is correctly estab- 
lished if 

Xi = s{d -f* 2/i)* 

Likewise, point P, on the left, is correctly established if 
X 2 = ib A- s{d — 2 / 2 ). 

In the foregoing equations, d and s are known, while x and y 
are measured and remeasured in the field until the equations 
are satisfied (trial and error method). 

If the ground were level, 2/1 = 2/2 = 0;thena;i = X 2 — ib A- sd. 

Part B. Referring to Fig. 9, let width of roadbed (6) = 30 ft., 
center fill (d) = 4.2 ft., and slope of fill is IJ horizontal to 
1 vertical (s = |). It is required to locate the slope stakes at 
D and E. 

Procedtjke. Using a level, the rod reading, when rod is held 
on ground at center stake (P), is assumed to be 5.1 ft. 

To locate slope stake D. Try a distance out of 28 ft.; the rod 
reads 9.5 ft., and hence yi = 9.5 — 5.1 == 4.4 ft. 

Test: x\ = i(30) H- |(4.2 + 4.4) ~ 27.9 ft., which is almost 
exactly correct. 
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To locate slope stake E. Try a distance out of 17.1 ft.; the 
rod reads 2.3 ft., the level remaining in the same position, and 
hence ;t /2 = 5.1 -■ 2.3 = 2.8 ft. 

Test: X 2 = 15 + |(4.2 — 2.8) =17.1 ft., which is correct. 
The slope-stake notes for this station are therefore: 


Left 

Center 

Right 

FI. 4 

F4.2 

F8.6 

17.1 

0.0 

28.0 



Example 2. Part A . 

Referring to Fig. 10, and letting s represent the “slope ratio” 
of the banks in cut, we have 

Xi = distance from center to slope stake D == ^6 s{d + 2/i), 
and 

Xi = distance from center to slope stake E — lb s{d 0). 

Part B. In Fig. 10, let width of roadbed (6) = 30 ft., center 
cut id) = 6.2 ft., and assume 1 to 1 slopes (s = 1). 

Procedure. Using a level, the rod reading on the ground at 
the center stake (P) is assumed to be 8.4 ft. 

To locate slope stake D. Try a distance out of 29.0 ft.; the 
rod reads 0.4 ft., and hence yi — 8.4 — 0.4 = 8.0 ft. 

Test: — 15 -h (6.2 + 8.0) = 29.2 ft., which is about right. 

Next, try Xi =* 29.2 ft., rod reads 0.35 ft,, and hence 

2/1 = 8.4 - 0.35 8.05 ft. 

Test: aji ~ 15 -h (6.2 -f 8.05) = 29.25 ft., which is correct. 



EARTHWORK 85 

To locate slope stake E. 0:2 = 15 -f 6.2 = 21.2 ft., if the 
ground is level from P to E, which it is in this case. 

The slope-stake notes for this station are ; 


Left 

Center 

Right 

C6.2 

C6.2 

C14.2 

21.2 

0.0 

29.2 


It should be understood that prior to setting slope stakes, the 
grade line must be established on the profile, from which is 
obtained the center-line cuts and fills (shown in the table 
below). 


Table to Accompany Slope-stake Notes 


Sta. 

Elevation 

Center 

Ground 

Grade 

Cut 

Fill 

6+00 

96.2 

100.21 


4.0 

+ 40 

101.8 

101.81 


0.0 

7+00 

106.5 

104.21 

2.3 


+ 50 

110.4 

106.21 

4.2 


8 + 00 

114.4 

108.21 

1 6.2 



66. Sections Passing from Cut to Fill 

In passing from cut to fill, the junction rarely takes place 
in one cross section, but along 
an irregular line, as shown in 
Fig. 11. Three intermediate 
cross sections should be taken: 

(1) where the cut runs out on 
downhill side, (2) where the cen- 
ter line is at grade, and (3) where 
the fill runs out on uphill side. 

Aeea of Cross Sections H-— -Sections passing 

from cut to fill. 

66. Planimeter Method 

When the cross sections of the ground and roadbed are 
plotted, the areas in cut (or fill) may be measured by means 





86 HIGHWAY SURVEYING AND PLANNING 


of a planimeter. The scale of the cross sections is usually 
1" - 10' or 1" - 5'. 

A transparent roadway templet is convenient for plotting 
subgrade and ditches. Some engineers prefer to use a 
“balanced grading vsection" with grade and width so 
adjusted that grading quantity will be equal to that for 
actual subgrade. 

The planimeter should, i)rior to actual use, be carefully 
tested on a boundary of known area, and every area should 
be run over twice for a check. 

Although the planimeter (or graphical) method ‘s long 
and expensive, it has the advantage of representing a 
graphical picture of individual sections for reference or 
detailed study. 

67. Computation Method 

a. General Rule. The area of cross section may be 
computed for any case of irregular ground by means of the 
so-called coordinate method ^ which is a formula like that 
used to determine the area of any surveyed field, namely: 

Proceeding in regular order around the boundary, multiply 
each ordinate by the difference between the following and 
preceding abscissas^ take one-half the algebraic sum of the 
products^ giving the desired result. 

The foregoing rule will now be applied to the irregular 
cross section (Fig. 12). It is assumed that the cuts ( i/i, 
2 / 2 , 2 / 3 , ... ) and their corresponding distances {xij 
Xsj ... ) from the center line have been found in the field 
and recorded as fractions. 

The following arrangement shows the ordinate and 
abscissa for each break in the surface, 

XB/^Xi /^X4y\xsy\x9 /\xi/\xa 

In addition, on the right and left, are given the fractions, 
O/aJx and 0/xb, which refer to the coordinates of A and B. 
The ordinates of points A and B (in the numerator) 
are each zero» since the origin is at C and the X-axis 
coincides with line AB. 
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The abscissas to the left of the vertical center line are 
minus, and those to the right are plus. Ordinates above 
the base grade in cuts are plus, while those heloxo (as for 
side ditches) are minus. 

Using the general rule, we have, 


A.rea = hblhixi — Xb) + — x^) + y3{x2 — 0 : 4 ) + 

y2{xi — X3) + yi{xA - X2)]. ( 2 ) 

® 



Substituting numbers for letters in Fig. 12, and noting 
that the width of roadbed is 30 ft., we have 

0.0 +7.5 +7.8 +5.5 +9.2 +7.1 0.0 

-15.0 -30.2 -14.1 076" “+12.5 "29.0 +15.o' 

from which 

Area = M7.5(-14.1 + 15) + 7.8(0 + 30.2) + 5.5(12.5 + 
14.1) + 9.2(29.0 - 0) + 7.1(15 - 12.5)] = 337 sq. ft. 

To be consistent with the data involved, it is sufficiently 
close to record areas only to the nearest square foot. 

Usually the ditches are of a uniform design, and the 
additional areas due to them can be added later when 
computing volumes. 

The foregoing rule applies equally well to areas in fill. 
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h. Level Ground. For level ground j the area of cross 
section in cut (or fill) is merely that of a trapezoid. 



Fig. 13. 


In Fig. 13, 6 = width of base AB^ 
d = center cut, 

s = slope of banks = MD/BM == NE/AN^ 

hence 

Area - i(i(26 + 2sd) - d{h + sd) (3) 


c. Three-level Ground. For regular ground, only three 
readings are usually taken in the field; one at the center 
stake and one at each slope stake. 



Letting the ordinates for points 1, 2 and 3 (Fig. 14) be 
2/i(= Vr), d) and yi); and the corresponding 

abscissas a;i(— Xr)f X 2 (— 0) and Xsi— —a?j); we have the 
following arrangement, in the form of fractions: 

0 yi d yr 0 . 

— ^6 —X 6 Xr 
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Applying the general rule (given in a), we have 

Area of three-level section = M/yK9 + i^) + d{xr + Xi) -j- 

yr{hh + 0)] = h{d{Xr + xi) + Ihiyr + yi)l (4) 

d. Side-hill Ground, When both cut and fill occur at 
any one cross section, as in side-hill construction, the 
quantities of excavation and embankment should be com- 



puted separately. Knowing the center fill (or cut), the 
grade 'point (zero ordinate) can be determined by trial. 

Referring to Fig. 15, the arrangement of fractions for 
applying the general rule is shown below. 


0.0 

-10.0 

0.0 


-15.0 

-32.0 

+2.0 


0.0 

+5.0 

+6.0 

0.0 

+2.0 

+ 17.0 

+ 24.0 

+ 17.0 


The center line of roadway is used for the origin of 
abscissas in both cases. 

The areas are as follows: 

Area in fill == M19(2 15)] = 85 sq. ft. 

Area in cut = i[5(24 - 2) -f- 6(17 - 17)] ==* 55 sq. ft. 



90 HIGHWAY SURVEYING AND PLANNING 
Volumes 

68. Introduction 

The volume of earthwork may be found by means of either 
the average end area or the prismoidal formulas. Although 
the former is less exact than the latter, it is generally 
accepted as the standard earthwork formula^ on account 
of its simplicity. 

69. The Average End Area Formula 

The volume of a right prism equals the average area 
multiplied by the length. Assuming the average r.rea to 
be same as the average end area, we have 

Volume = F = + A 2 )/(cu. ft.) = 

^ 4 (Ai + A 2 )Z(cu. yd.). (6) 

in which Ai and A 2 — area of end sections in square feet, 
and I = length of solid in feet. 

This formula is applied to areas of any shape, but the 
results are slightly too large. The error is small if the 
sections do not change rapidly, as is the usual case in 
practice. 

Table 18 gives volumes of 100-ft. earthwork sections 
computed by the average end area formula. For any other 
length, the values are in proportion. 

70. The Prismoidal Formula 

A prismoid is a solid whose ends are parallel and whose 
sides are plane or warped surfaces. Figure 16 represents 
a typical prismoid. 

It may be shown by means of the calculus that the correct 
volume of a prismoid is 

V = + + (6) 

in which I is the distance between the two parallel bases 
A I and A 2 , and is a section midway between the two 
end bases and parallel to them. A^ is not an average of 
A I and A 2 , but each of its linear dimensions is an average 
Qf the corresponding dimensions of Ai and A 2 . 
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71. Comparison of Average End Area and Prismoidal 
Formulas 

Volumes computed by the average end area formula 
usually are slightly in excess of those by the prismoidal 
formula. The difference is called the 'prismoidal cor- 
rection. Tf this correction is applied to volumes obtained 
by the more simple end area formula, then the results are 
as if the more exact prismoidal formula had been used. 



Let Va = volume given by end area formula; 

Vp = volume given by prismoidal formula; 

Cv = Va — Vp = prismoidal correction; 

di and ^ 2 = center cuts (or fills) at end sections Ai 
and Ao] 

Xi and X 2 = total distance between slope stakes at 
Ai and A^. 

For three-level sections, it can be shown that 

C.(cu. yd.) = - X.). (7) 

For any form other than the typical three-level section, 
the foregoing expression is somewhat approximate. 

Table 19 gives values of the prismoidal correction for 
lengths of 100 ft. 

72. Borrow Pit Quantities 

Excavations outside of the roadway are taken from 
so-called horro'w pits. Data for the volume of material 
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moved from borrow pits are determined by taking cross 
sections at definite intervals before and after the work is 
done. Two methods of procedure are as follows. 

Method A 

1. Establish a base line to one side of the proposed pit. 
Take cross sections at right angles thereto at intervals of 1 0, 
20, or 25 ft. extending well behind the probable limits of the 
pit. 

2. After excavating, re-cross-section at the same points 
and intermediate ones if necessary. 

3. Compute volumes excavated by the average end area 
formula. 


Method 13 

1. Divide the original surface into squares, rectangles, or 
triangles, taking ground elevations at every corner. 

2. Establish reference stakes that will not be disturbed 
during the construction, 

3. After the borrow pit is abandoned, reproduce the same 
corners and take elevations on them again in the pit. 

4. Compute volumes of the various vertical truncated 
prisms excavated, the altitudes being determined from the 
difference in levels at the corners, and bases from the 
dimensions of the squares or triangles (Art. 73). 

Borrow pits may be avoided by widening the cut uni- 
formly, but this will not be economical unless the material 
is easily obtainable and the haul is short. 

73. Truncated Prisms 

The volume of a rectangular prism truncated top and 
bottom is equal to A — — cu. ft., where A is 

the area of right section and hi^ /i 2 , are' the corner 

heights, determined from the difference in levels. 

The volume of a triangular prisrii truncated top and 
h h *4“ h 

bottpm is equal to A^ ^ cu. ft., where A is the 
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area of right section and are the corner heights, 

determined from the difference in levels. 

Instead of computing the volume of each prism separately 
in the system of equal squares shown below, it will save time 
to substitute in a combined formula. 

Let Xhi ~ sum of corner heights used only once. 

= sum of corner heights used twice. 

= sum of corner heights used three times. 

2/^4 = sum of corner heights used four times. 

Then the total volume, 


57 4 (fiu. yd.) 


(X2 O4. CXg. 

I 1 1 I ^ 




hi 

b4- 


C2 

C 3 

Ca 

d. 




Fig. 17. 


74. Correction for Road Curvature 

The formulas for volumes of earthwork are based upon 
prismoids with parallel ends; but when applied to curved 
roadways with end sections that are radial (not parallel), 
there is apt to be some error. The difference between the 
true volume apd that determined by the prismoidal formula 
is called the curvature correction. 

By the theorem of Pappus and Guldinus (see texts on 
mechanics) : 

If a plane area is made to revolve about an axis in the 
^ame plane, the volume of the solid generated by the 
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revolution is equal to the product of the revolving area 
and the path described by the center of gravity of the 
plane area during the revolution. 

It is only when the center of gravity remains in a vertical 
through the center of the road that the volumes as computed 
by the prismoidal formula are exact. If the gravity curve 
is outside the center-line curve, the true volume is more 
than that given by the prismoidal formula; if inside^ it is less. 

Let e — eccentricity of center of gravity of section 

= horizontal distance from center line to a vertical 
line through center of gravity; 

R = radius of center line. 

Consider a curving section of earthwork of center-line 
length = I ft. The volume as per straight sections equals 

V = A, ]l - €., (a) 

If the end area (Ai) and its eccentricity (ei) are constant 
throughout, then the corresponding true volume (Fi) is 
Vi — A]lij where h equals length circular arc of radius 
(R + Cl). 

From geometry, we have y = — whence 

'■ - 

Therefore, Fx = 

Similarly, we have Fa = ^ as if the area (^2) 

at the other end, and its eccentricity (62), were constant 
throughout. 

The actual true volume is assumed to be 


gCFi + Fa) - (7, = ^[AxiR + ei) + A^iR + e,)] - C. (6) 
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Subtracting Eq. (a) from Eq. (6), we have 


Curvature correction 


2 R 


:(A iCi ^262) cu. ft. = 


54 E 


XAiCi -j- A 262) cu. yd. (8) 


This formula has ht^en derived in a somewhat similar 
manner by Webb in his ''Railroad Construction.'' It also 
agrees very closely with an expression derived by calculus 



methods in Crandall’s "Tables for the Computation of 
Railway and Other Earthwork." 

The eccentricity (e) is plus when the greater area is on 
the outside of the center-line curve, and minus when the 
greater area is on the inside of the curve. 

Formulas have been derived for the eccentricity of sections 
on three-level and side-hill ground. Rut for highway areas 
of sections, which are usually plotted on cross-section paper, 
it seems easier to find the center of gravity graphically 
(the area being usually considered as a triangle or trapezoid) 
and then measure to scale the eccentricity. 

Correction for curvature is rarely ever considered except 
in special cases, such as side-hill construction or in rock 
excavation. 



96 HIGHWAY SURVEYING AND PLANNING 


Example. Given a curve with radius = 191 ft. (30° curve), 
width of road =30 ft. and center-line length of earthwork 
solid = 25 ft. Fig. 18 represents the radial cross section at 
one end of the solid. The area Ai of the excavation triangle is 
380 sq. ft., and the eccentricity (center of gravity being deter- 
mined from the intersection of the medians of the triangle) is 
scaled to be 16.0 ft. 

Let A 2 and 62 at the other end of the solid be 300 sq. ft., and 
14.2 ft., respectively. 

25 

Correction for curvature = o (380 X 16 -f- 300 X 14.2) = 

Zi /\ ly 1 

677 CLi. ft. = 25.1 cu. yd. 

The curve extends around a ravine and the center of gravity of 
section is outside the center line of road; hence the correction is 
added to the excavation quantities. If the curve extends 
around the end of a ridge and the center of gravity of section is 
inside the center line, the correction would be subtracted. 

76. Culvert Quantities 

a. General Considerations. For pipe culverts and small 
box culverts, standard plans are available for supplying 
all the necessary construction information, except special 
features, such as the length of barrel, the skew angle (if 
anything), etc. 

The length of culvert is determined by drawing accurately 
to scale the highway embankment, taking into account 
(if necessary) the effect which the skew, extra widening 
and superelevation have on the side slopes, and adjusting 
the culvert to fit. 

In case of appreciable skew, the layout plan for a box 
culvert should be supplemented by specially prepared detail 
drawings, showing mainly the difference in length of wings 
and other details. 

The flow line of culvert should conform to the gradient 
of the stream, and the correct elevations should be indicated 
at the ends of the barrel. 

For arch culverts and large box culverts, complete detail 
drawings should be made for each situation. The box type 
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will be more frequently used, but arch culverts are economi- 
cal and desirable where there is a very deep fill with a firm 
foundation. 

Definitions for the span length of drainage structures 
should be uniform. Ohio practice is as follows: 

The span of a bridge shall be considered as the clear span, 
measured between faces of piers and abutments in a direction 
parallel with the center line of the highway (that is, on skew 
bridges the span is not to be considered as measured perpen- 
dicular to faces of piers and abutments), except that for steel 
bridges the span will generally be expressed as center to center 

c 9 

b 

O. H e 

Horizonioil meo/suremenis -Ad-ODETd-H-J 

_ , VerfiQO(tmeoi5vremeni5^a-b-c-de-fq/h 

For mu lot: ^ 

tcigtcy jj + Ij^jx 

Fia. 19. — Formula for computing abutment excavation. 

of pins or bearings. For culverts, however, the clear span will 
generally be understood to be the distance between faces of 
walls, measured at right angles to the faces. In stating the 
size of a culvert, the span should be given first and then the 
height. (Example: 4 by 3 ft. box culvert, means 4-ft. span and 
3-ft. height.) 

b. Abutment Excavation. Figure 19 gives a formula 
for computing abutment excavation, as prepared by the 
Maryland Roads Commission. 

c. Headwalls for Pipe Culverts. Pipe culverts made of 
concrete, cast iron, vitrified clay, or corrugated metal 
are used for small openings. Except for vitrified pipe, 
the diameters may run up to about 60 in. 

Two types of headwalls for pipe culverts, (1) straight 
and (2) flared, are given on pages 98 and 99. 
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Straight Headwalls. This simple type of headwall is 
used for small pipe. Figure 20 shows the design, and the 
accompanying table gives volumes and dimensions. 



Fig. 20. — Headwall for pipe culvert (Kentucky practice). 


Volumes and Dimensions of Headwalls for Pipe Culverts 
(Accompanying Fig. 20) 


Diameter 
of pipe 
(in.) 

Cu. yd. 
in one 
headwall 

Dimension (in.) 

Batter 
(in. per ft.) 

A 

B 

C 

L 

12 

1.06 

20 

14 

48 

72 

2 

15 ! 

1,25 

20 J 

14i 

51 

81 

2 

18 

1.51 

21 

15 

54 

90 

2 

24 

2.00 

22 

16 

60 

108 

2 

36 

3.25 

24 

18 

72 

144 

2 


Flared Headwall. This type of headwall is used for large 
pipe. Figure 21 shows the design for wings flared at 30° 
with axis of pipe, and also the volumes. The accompanying 
table gives the dimensions, 

d. Box Culverts. Reinforced-concrete box culverts are 
generally advantageous for waterway areas exceeding 12 to 
16 sq. ft. This type may be used up to 12 by 12 ft., although 
8 by 8 ft. maximum is common; twin box or triple box 
culverts are sometimes built instead of a large single box. 
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CuYd. Concrete in One HGCHolwqll 



Diameter of Pipe 1 

4?" 

43" 

54" 

60" 

Concrete 

Pipe 

3.35 

169 

5.06 

5.98 

Corrug. 
Metal Pipe 

3.57 

3.98 

5.45 

6.49 


tiofe- Table Off dimensions in text 


Fia. 21. — Flared headwall (Virginia practice). 


Dimensions of Headwalls for Pipe Culverts 

(AcHiompaiiyiiig Fig. 21) 


Diaxn. 
of pipe 
((in.) 

a 

(in.) 

b 

(ft. -in.) 

c 

(ft.-in.) 

d 

(in.) 

e 

(ft. -in.) 

/ 

(ft.-in.) 

Q 

(in.) 

42 

42 

5' 0 " 

5' 91" 

23i 

4' 51" 

5' 9" 

13i 

48 

48 

5' 6 " 

6 ' 41" 

25 

4' Hi" 

6 ' 6 " 

15 

54 

54 

6 ' 0 " 1 

6 ' Hi" 

27i 

5' 61" 

7' 11" 

161 

60 

60 

6 ' 6 " 

7 / Qn 

30 ! 

6 ' 2 " 

7' lot" 

18 

Diam. 
of pipe 
(in.) 

h 

(in.) 

i 

(in.) 

i 

(in.) 

k 

(in.) 

1 

(in.) 

m 

(ft. -in.) 

n 

(in.) 

42 

iO 


13i 

10 

41 

4' 6 " 

3i 

48 

10 

5S 

141 

10 

5 

5' 0 " 

4 

54 

11 

6 i 

15i 

11 

5i 

5' 6 " 

4i 

60 

12 

7 

17f 

12 

6 

6 ' 0 " 

5 





100 HIGHWAY SURVEYING AND PLANNING 


Figure 22 shows a reinforced-coii Crete box culvert for 
sizes from 2 ft. by 1 ft. 6 in. to 12 by 12 ft., and the dimen- 
sions and quantities of concrete are given in the table below. 


]j"/en0fh 
between heaofwaUs 
T 

(S_ 

~T 

H 


' 12‘*for others 

3Tor 2x1^6^ &3'x2‘ 
/ /B"* for others 


e’’forBxf6''SZx2'A 
10*' for others"'^ 



^ B upstream 



Fio. 22.- 


I V 3 ' otownstre am "'9 

ffofei Dimensions and 
CjuaniitSes in text 

Box culvert (Missouri practice). 


Dimensions and Quantities of Box Culverts 
(Accompanying Fig. 22) 


s 

(ft.) 

H 

(ft.) 

W 

(in.) 

T 

(in.) 

B 

(in.) 

X 

(ft.-in.) 

V 

(ft.-in.) 

Max. 

fill 

(ft.) 

Concrete 
(cu. yd.) 

2 

n 

6 

6 

6 

2' 

3" 

1' 

6" 

20 

1.25 + 0.17L 

3 

2 

6 

6 

6 

3' 

0" 

2' 

0" 

14 

1.83 0.22L 

4 

2i 

6 

6 

6 

3' 

4i" 

2' 

3" 

10 i 

2 . 79 + 0 . 28L 

5 

3 

7 

8 

7 

4' 

4i" 

2' 

11" 

10 

4.22 + 0.42L 

6 

4 

8 

9 

7i 

6' 

0" 

4' 

0" 

10 

6.49 -f- 0.57L 

4 

6 

10 

7h 

6 

8' 

10" 

6' 

lOi" : 

10 

8.68 

+ 0.61L 

8 

4 

10 

10 

8| 

6' 

U" 

4' 

1" 

3 

9.0 

+ 0.80L 

8 

6 

10 

10 j 

8i 

9' 

U" 1 

6' 

1" 

3 

13.0 

+ 0.92L 

8 

8 

10 

10 

8J 

12' 

H" ! 

8' 

1" 

3 

17.8 

+ 1.051/ 

10 

6 

12 

12 

10 

9' 

41" 

6' 

3" 

3 

17.5 

4- 1.261/ 

10 

8 

12 

12 

10 

12' 

4i" 

8' 

3" 

3 

23.7 

4- 1.41L 

10 

10 

12. 

12 

10 

16' 

4J" 

110' 

3" 

3 

30.8 

4- 1 . 55L 

12 

6 

12 

14 

lU 

9' 

7r 

6' 

5" 

3 

21.3 

4- 1-65L 

12 

8 

12 

14 

lU 

12' 

7i" 

8' 

5" 

3 

28.3 

+ 1 . 70L 

12 

10 

12 

14 

lU 

16' 

7J" 

10' 

5" 

3 

36.2 

+ 1.841/ 

12 

12 

12 

14 

lli 

18' 

7i" 

12' 

6" 

3 

45.0 

4- 1.991/ 


Haul and Overhaul 

76. Haul 

In contracts for road grading it is usually stipulated 
that the contractor shall be paid a certain price per cubic 
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yard for excavating, hauling, and dumping the material, 
regardless of distance hauled, provided it does not exceed 
a specified limit called free haul. This free-haul distance 
may be 500 to 1,000 ft. as per agreement. 

If there is an overhaul on some of the material, that is, 
the distance from excavation to embankment is beyond the 
free-haul limit, then an extra charge may be allowed. 
The unit overhaul price is based on hauling one cubic yard 
a distance of one station (100 ft.). This varies from about 
1^ to 2^ cents. 

As will be seen later, overhaul is expressed in terms of 
cubic yards hauled X average excess distance (in stations), 
which means so many yard stations. Thus if 30 cu. yd. are 
hauled an average distance of 1,500 ft. when the free- 
haul limit is 500 ft., the overhaul would be 30 X 10 = 
300 yd.-sta. 

A mass diagram (see Art. 78) is helpful in determining 
the amount of overhaul and the most economical distribu- 
tion of the excavated material. It may also indicate 
whether in some cases waste and borrow is economical. 

77. Limit of Economical Haul 

Where there are long hauls, it may be more economical 
to waste and borrow material rather than pay for the cost 
of overhaul. Equating the cost of excavation plus overhaul 
to the cost of excavation from both the cut and the borrow 
pit, one can estimate the limit of economical haul for 
making an embankment. Thus, letting 
c = cost of excavation per cubic yard; 
h — cost of overhaul, on basis of 1 cu. yd. per station; 

X — economical length of overhaul. 

The cost to excavate and move 1 cu. yd. of material from 
cut to fill — c A- hx (a) 

The cost to excavate from the cut, waste, borrow, and 
place 1 cu. yd. of material in the fill = 2c (6) 

Equating Eqs. (a) and (6), and solving for Xj we have 

a; = ^ (stations) (c) 
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Example. The cost of excavation (c), is 25 cents per cubic 
yard, and the cost of overhaul (h) is 2 cents, what is the econom- 
ical length of overhaul? 

Solution. Substituting in the foregoing Eq. (c), we have 
X — — 12.5 stations = 1,250 ft. 

Hence, assuming a free-haul limit of 500 ft., the material 
may be hauled a distance of 1,750 feet for the same cost as to 
waste and borrow near by. 

78. Mass Diagram 

a. Definition, A mass diagram is a continuous curve 
showing the accumulated algebraic sum of the yardage 
[cuts (-f) and fills ( — )] from some initial station to any 
succeeding station. It is drawn to the same horizontal 
scale as the profile. 

Preliminary to drawing the mass curve, it is convenient 
to tabulate the accumulated yardage of cuts and fills at 
each station, in turn, as indicated below. 



Cubic yards 

Algebraic sum of 
cuts and fills 

Sta. 

Cut 

(+) 

Fill plus shrinkage 
(-) 

12 

152 


0 

+60 

132 


162 

13 

210 


284 

14 


89 

494 

15 


133 

406 

16 



272 


The points of the mass curve are plotted with reference 
to a horizontal scale of distances (same as the profile) and 
a vertical scale of yards (1 in. = 500 cu. yd., for example). 
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h. Characteristic Properties. A study of the mass dia- 
gram (or curve) shown in Fig. 23 will verify the following 
statements : 

1. Within the limits of a single cut, the curve rises from 
left to right; within the limits of a single fill, it falls from 
left to right. 

2. Sections where the yardage changes from cut to fill 
correspond to a maximum; sections where the yardage 
changes from fill to cut correspond to a minimum. 



3. Any horizontal line, as AB^ cutting off a loop of the 
mass curve intersects the curve at two points between 
which the cut is equal to the fill (adjusted for shrinkage), 
the volume of the cut being represented by the vertical 
distance from the line to the extreme point of the loop. 

4. When the curve is above the initial line of zero yardage, 
it indicates that material must be hauled to the right; when 
below the line, material must be hauled to the left: as shown 
by the arrows. 

5. The loops convex upward" indicate that the haul from 
cut to fill is to be in one direction (to the right in this case), 
while loops concave upward indicate a reverse direction 
for haul. 



104 HIGHWAY SURVEYING AND PLANNING 


c. Determination of Overhaul from the Mass Diagram. One 
of the important uses of the mass diagram, aside from 
balancing cuts and fills and indicating the most advan- 
tageous distribution of the same, is to establish definitely 
the overhaul distance and the portion of the total yardage 
which is to be regarded as hauled beyond the specified 
free-haul linoit. 

Referring to Fig. 23, proceed as follows: 

1. Assuming the free-haul distance to be 500 ft., find by 
trial a horizontal line intersecting the curve at points A and 
jB, such that AB - 500 ft. 

2. Then the material above AB will be hauled with no 
extra cost. The amount of this material is given by the 
ordinate from line AB to point F, and it is the same as the 
volume in cut a, which makes the fill h. 

3. On material OA between line AB and the base line, 
there may be paid overhaul. The amount of this material 
is given by the ordinate A 'A, and it is the same as the volume 
in cut C, which makes the fill d. The average length of 
haul is evidently the distance between the center of gravity 
of cut c and fill d. 

These gravity lines are easily found, thus: Bisect AA' at C 
and draw a horizontal line intersecting the curve at G and 
G^’f these points are vertically below the desired centers of 
gravity; therefore the average haul is given by the length 
of line (?(?', and the overhaul is the distance GG' less the 
free-haul distance AB. 



CHAPTER III 


CIRCULAR CURVES 

79. Classification 

The surveyed center line of roads consists of a series 
of straight lines and curves. Technically, the straight lines 
are called tangents, and a curve uniting two intersecting 
tangents is known ])y its radius or by the angle subtended 
at the center of an arc of 100 ft. 

Circular curves are classified as simple^ compound, and 
reversed. 



Simple Cukves 

80. Functions or Parts of Curves 

A simple curve is a circular arc joining two tangents. 
Figure 24 shows such a curve with all its related parts, or 
functions, which will now be explained. 

106 
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1. If the tangents be produced, they will meet at a 
'point of intersection, called the P. I. (or vertex, V). 

2. Proceeding from left to right around the curve, 
point A, the beginning of the curve is called the P. C. 
{point of curvature); while point B, the end of the curve, is 
called the P. T. {point of ta.ngency). 

3. The external angle of deflection between the tangents 
is called the intersection angle, or the angle. This angle (A) 
is equal to the central angle subtended by the arc AB, 



Fig. 25. Fig. 26. 

4. a. The angle at the center subtended by an arc of 
100 ft. is called the degree-of -curve, D. That is, if the arc PQ 
(Fig. 25) is 100 ft. in length, the central angle POQ is £>, 
the degree-of -curve. 

b. In conformity with railroad practice, some highway 
engineers prefer the definition that the degree-of -curve is 
the central angle wsubtended by a chord of 100 ft. (see Fig. 26). 

These two definitions will be discussed further in Art. 83. 

5. The radius of the curve is called R, There will be a 
slight difference in R depending upon whether the (a) arc 
or (6) chord definition is used. See Table 3. 
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a. From Fig. 25, we have the familiar proportion: 
100:27ri? = D^:360^ 

from which R = (arc definition) (9) 


showing that R varies inversely as Z>. 
Approximately, we have 


"■ D ' 


or 


_ 5 ^ 

“ R ’ 


( 10 ) 


giving results sufficiently close for most calculations. 

Thus, if i) = 10°, R = 573 ft.; if D = 2°, R - 2,865 ft., 
etc. 

b. From Fig. 26, we have 


from which 


.1,. 50 

sin = 


R 


R = 


50 


sin |Z) 


(chord definition) 


( 11 ) 


6. The distance VA (= VB) from the P. I. to the P. C., 
(or to the P. T.) is called the tangent distance ^ T. Figure 24 
shows that 

T = JK tan ^A. (12) 


7. The straight-line distance, AB^ from the beginning 
to the end of the curve is called the long chords or L. C. 
From Fig. 24, 


from which 


. K AD KL. C.) 
L. C. = 2R sin 


(13) 


8. The external distancCj is the distance from the P. I. 
to the middle of the curve. From Fig. 24, 

r OA R 
cos 2^ - OV~ R + E’ 

E = R(mG fA — 1) = exsec |A. (14) 


from which 
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9. The middle ordinatej M, is the length of the ordinate 
from the middle of the long chord to the middle of the curve. 
From Fig. 24, 

1 ^ OD R-M 
2^ ~ OA" R ’ 

from which M == /2(1 — cos ^A) = R vers ^A. (15) 

10. The length of curve^ JL, is the arc length AB from P.C. 
to P.T. 

Since any two central angles of the same circle are propor- 
tional to the corresponding intercepted arcs, we have 

A _ 

D ~ lOO' 

A 

from which L = 100^* (16) 

Equation (16) gives the exact length of arc, but if a series 
of chords totaling L feet, are used, and chosen small enough 
so that no chord differs appreciably from its arc, then the 
sum of the chords may be taken the same as L, the length 
of curve. 

Example. Given a 6° curve when the intersection angle is 
54° 36'. What is the length of curve? 

Solution. L = 100 X = 910 ft. 

D 

Note: It is obvious that the foregoing formula for L holds true 
equally well for the chord definition of degree-of-curve. But L 
in this case really means the length along the curve of an 
inscribed polygon with sides of 100 ft. or less. 

11. Referring to Fig. 25, it is seen that the angle SPQ 
between the tangent and chord is or one-half the central 
angle. In general, an angle between the tangent to a curve 
and the chord to any point on the curve is called the defiec- 
tion angle. 

In Fig. 24, the toted deflection angle (angle VAB) from P.C. 
to P.T. is JA. 
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The deflection angle may be expressed in terms of the arc 
and radius by making use of the geometrical proportion : 

Central angle _ 360° 
arc ~ 2TrR' 

from which Central angle = X arc; 

hence Deflection angle (degrees) = J (central angle) == 

28.64789 
— X arc. 

Also, Deflection angle (minutes) — — X arc. 

Obviously it is much simpler to express deflections in 
terms of the degree-of-curve rather than the radius, but 
this i)ractice is not universal. 

Table 4 (page 266) gives deflections and chords for even 
radius curves. 

81. The Unit Curve 

The lengths of any two curves with the same central angle 
(A) are in direct proportion to the corresponding radii. 
Hence 

^ __R_ 

U ~ R'' 

Since T — R tan ^A, and T' — R' tan ^A, we have 

T .K _ L 
T " R^ ^ U' 


Similarly, it may be shown that all parts of one curve are 
proportional to the corresponding parts of any other curve 
having the same central angle. But it should be noted 
that R varies inversely with D, hence 


?L 

R' 


L ^ 
D ~ L’’ 


The functions of curves are therefore multiples of any 
one part which may be called the unit curve. Thus we may 
iiave (a) the 1® curve (which is widely used in American 
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practice), (b) the curve of unit length, and (c) the curve of 
unit radius. 

a. The 1° Curve. If D = 1°, then R - 5,729.58 ft. 

Hence T = 5,729.58 tan iA, 

E = 5,729.58 exsec ^A, etc. 

Table I (second part) gives the tangents and externals 
for a 1° curve when the intersection angle (A) is known. 
The values of T and E in this table are the same for either 
the arc or chord definition of degree-of-curve, since for a 
1*^ curve, there is no appreciable difference between the arc 
and its subtended chord. 

The proper values of T and E for any case are the tabular 
values divided by the actual degree-of -curve (/>). 


Example. Given A = 47° 20', D == 12°. To find T and E. 
Referring to Table 1 : 


and 


T (for 1° curve) 
12 

E (for 1° curve) 
12 


2,511^ 

12 

526.1 ^ 
12 


= 209.27; 
43.84. 


The foregoing values of T and E are correct for the arc 
definition. But for the chord definition, a correction of 0.38 ft. is 
to be added to T (see Table 1^), giving T = 209.65 ft. 


6. Unit Arc of 100 Ft. If the unit curve is defined as one 
whose length is 100 ft., then 

A 

L == 100 = lOOg; from which D = A. 


Then radius of unit curve (arc definition) = 5,729.58/A. 

Table 1 (first part) gives values of R, T, E,L. C., and M 
for the unit curve of length 100 ft. For curves longer than 
100 ft., the tabular values must be multiplied and the degree- 
of-curve divided by the length of curve (in stations). 

Example. Given A = 40° 00^ and L = 600 ft. To find 
R, T, E, L. C., M, and D, 
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Using Table 1, we have R ~ 143.24 X 5 = 716.2; T — 
52.135 X 5 = 200.7; E = 9.193 X 5 = 40.0; L. C. == 97.982 X 
5 = 480.0; M = 8.038 X 5 = 43.2. Also, it follows that 



This table is especially iLscful in laying out curves by the 
method of offsets. 

c. Unit Rndms (R = 1). Letting A° equal the central 
angle subtending any arc of radius (R), we have the familiar 
f)roportion : 

Arc ^ 

27rR 300^’ 

from which Arc length = ~ X RA = (17) 

180 57.2958 

If /? = 1, Taltle 5 gives lengths of arcs for various values 
of the central angle (A). 

Using Tables 1 and 5, the corresponding parts of a curve 
may be found for cases when A and R are given. 

Example. Given A = GO® 10' and R — 500 ft. To fhid 
L, T, and E. With = 1 and A = 60® 10', Table 5 gives arc 
length = 1.0501. 

Since the actual value of R is 500, actual arc length == 525.05. 
Finally, entering Table 1 with A = 60° 10', we have T == 
55.165 X 5.2505 == 289.6; and E = 14.824 X 5.2505 = 77.8. 

The above values of T and E may be found another way, as 
follows : 

T = jK tan i A = 500 X 0.57929 (from Table 21) - 289.6 ft., 
E R exsec ^ A = 500 X 0.15567 (from Table 22) = 77.8 ft. 

82. Excess of Arc over Chord 

The difference between any arc and its subtended chord is 

Re - 2R sin | = J?(0 - 2 sin 

where & is the central angle in radians. 

Substituting R = arc /angle = L/0, and expressing the 
sine in terms of the angle, 




For arcs of 50 ft., arc excess = | (of that for 100 ft.); 
for arcs of 25 ft., arc excess = (of that for 100 ft.), etc. 

Table 2 gives the length of chord subtended by various 
arcs. 

An inspection of this table shows that the following 
chords may be assumed equal to the arcs without any 
appreciable error: 

100-ft. chords up to 4° curves. 

50-ft. chords up to 10° curves. 

25-ft. chords up to 25° curves. 

10-ft. chords up to 100° curves. 

Example. Suppose a 30° curve is to be laid out. What is 
the longest permissible chord length that will not differ appreci- 
ably from the subtended arc? Table 2 shows that 20-ft. chords 
are the longest advisable. 

If, however, 50-ft, points along the curve are desired, then 
corresponding chord-lengths are 49.86 ft. 

83. Discussion of the Definition, Degree-of-curve 

Books on railroad location define the degree-of-curve 
as the central angle subtended by a chord of 100 ft. rather 
than an arc of 100 ft. In highway engineering practice, 
the tendency is to use the arc definition, since it seems 
simpler and leads to no confusion in dealing with short- 
radius curves. The real difference between the two defini- 
tions is expressed by the formulas for radii: 

jfgj 5= for “arc^^ definition, 

Rz = for chord definition, 

sm f D 
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Table 3 gives comparative values of D and R on the basis 
( f both clelinitions. The difference is negligible for flat 
curves but quite appreciable for sharp curves. 

If D = 1®, then Ri {arc definition) = 5,729.58, and 
Ri {chord definition) == 5,729.05. These values of Ri and 
are so nearly the same that Table 1 (second part), giving 
f mictions of a 1° curve, applies to either definition with 
sufficient accuracy. 

The formula, L = for actual length of curve is 

exact according to the arc definition, but only approximate 
for the chord definition; and it departs too far from the 
truth for sharp curves. 

To illustrate the confusion which is apt to occur, suppose 

— 90° and a 40° curve is to be run in the field : 

R\ = 143.24 and R^ — 146,19, a difference of practically 
3 ft. 

Tangent distance = 

External distance = 


The above values of T and E are the same for either 
definition, but they exactly fit an arc of length 


, lOOA 


100 X 90 
40 


225.0 feet, 


which is the true length of curve of radius == 143.24 ft. 

If short chords coinciding practically with the arc (or long 
chords reduced as per Table 2) are used, then the field 
work should check, and there is no correction of any kind 
necessary. 

But according to the chord definition,” the nominal 
length of curve (the perimeter of an inscribed polygon 
with sides of 100 ft.) is 


L « 


100 X 90 


= 225 ft. 


40 
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Now the actual length of arc corresponding to the two 
chords of 100 ft. and the subchord of 25 ft. is 229.6 ft., 
and its radius is 146.19 ft. In order to make the above 
tangents fit this arc, corrections must be added. In this 
case (for A = 90°), the correction given in Table lA is 
2.94 ft. Hence, corrected tangent == 143.22 2.94 — 

146.2 ft. 

The use of the corrections^ implies 100-ft. chords, but 
chords of such great length would not properly define a 
40° curve. Therefore, if short chords are used in laying 
out a curve with its P.C. and P.T. established by adding 
“corrections” to the tangents, then, of course, the field 
work will not check. There would probably be confusion, 
too, as to how the P.T. stake should be labeled, resulting 
in a possible error of a few feet in distance. 

The foregoing illustrative example is an extreme case. 
Fortunately, the majt)rity of highway curves are much 
liatter, so that the adoption of either definition leads to 
practically the same results. 

Tables 1 to 16 given herein are adaptable to either definition. 

The author prefers the arc definition for the following 
reasons: (1) Radius and degree-of-curve are in exact inverse 
proportion; (2) formula L — lOOA/D gives true length of 
curve ; (3) the field work in laying out sharp curves offers no 
more difficulty than for fiat curves. 

84. Problem 

a. To Find R When D Is Known. Suppose Z) = 4° 30', then 
from Table 3, R (arc definition) = 1,273.2 ft., and R (chord 
definition) = 1,273.6 ft. 

5. To Find D When R Is Known. Suppose R = 550 ft., then 
D (arc definition) = = 10.42° = 10° 25'; and sin JD 

(cWd definition) ~ — 0.09091, whence 2> = 10° 26'. 

c. To Find T and E When A and R Are Known. Suppose A = 
40° 12' and R - 1,000 ft., 

then T ^ R tan iA = 1,000 X 0.36595 *= 365.95 ft., 
and E ^ R exsec JA = 1,000 X- 0.06486 *= 64.86 ft. 

86. Problem 

To Find D (or R) When A and E Are Known. Referring to 
Fig. 24, let the two tangents AV and VB intersect at an angle 
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A = 42° 30'. Suppose, after careful examination of the ground, 
point C opposite vertex is selected as a point through which 
center of road should run. 

Measure VC - 42 ft. 

From Tabic 1, E (for 1° curve) = 418.0. 

Hence D — 418.0/42 = 9.95. Let D ~ 10°; and hence 
revised E = = 41,8 ft. 

86. Problem 

To Find D {or R) When A and T Are Known. Given A = 42° 
30' and suppose the tangent lengths {T) are limited to 203 ft. 

T (for 1° curve) = 2,228.1. 

TT n 2,228.1 

Hence D = — 203 ” ~ 104)8 . 

For convenience, let Z) = 11°. 

Then T = = 202.55 ft. 


87. Problem 

To Find All the Functions Wheii A and E Are Known. Given 
A == 25° OG' and = 45 feet (more or less). 

We shall first denude upon the value of D from which the 
other functions can be determined easily. 


From Table 1 , D 


E (for l°cur\^e) 

45 


140.25 

45 


3.12°. 


For convenience, let 

D = 3°, then E = = 46.75, 

which is permissible. 


Hence, T = . 425.2, 

O O 

Also, we havei = 100^ = 100 X ~ = 836.67. 


Then, multiplying the values of L.C. and M (from Table 1) by 
the length of curve, in stations, we have 


and 


L.C. == 99.202 X 8.3667 « 830.0, 
M ^ 5.454 X 8.3667 -- 45.6. 
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88. Field Procedure in Locating P.C. or P. T. 

Existing conditions may vary the field procedure, but 
ordinarily the tangents are first run to an intersection, 
and the angle A is carefully read. 

The degree-of-curve {D) is then usually determined 
indirectly from controlling values of E or T, bearing in 
mind that it is desirable to make the curve as flat as con- 
siderations of topography and economy will permit. 

The P.C. and P.T. should be established independently 
by measuring the tangent distances VA and VB (Fig. 24) 
while the transit is set at the P.I. It is important that these 
points should be exactly in line with distant points (P.O.T.) 
on the tangents VA and VB produced. 

For special cases, such as inaccessible P.I., the foregoing 
procedure must be modified, as will be shown later. 

89. Locating Curves by the Deflection Method 

a. When Transit Is Set at the P.C. Preliminary to laying 
out curve, the following steps are assumed to be taken: 
(1) tangents run to an intersection at the P.I.; (2) deflection 
angle (A) measured; (3) length and degree-of-curve decided 
upon either by means of a fixed E or or an assumed 
D or R; (4) the P.T, and P.C. established by measuring the 
tangent distance from the P.I.; (5) the proper station 
numbers of P.C. and P.T. recorded. (The example which 
follows will show how this is done.) 

Procedure. Referring to Fig. 25 for a moment, it is seen 
that the angle SPQ between the tangent and chord is iD. 
That is, deflection angle from the tangent to any point is 
one-half the central angle. 

Assume transit set at P.C. (Fig. 27) with vernier reading 0° 
on initial tangent AV. 

Turn telescope until vernier reads angle VA 1 (one-half central 
angle for arc a), then measure the proper chord length a and 
swing tape about A as center until extremity of chord falls 
in line of sight. This locates point 1 on the curve. 

Next, turn telescope until vernier reads angle VA2 (this angle 
will equal the preceding deflection plus JD if arc c is 100 ft.). 
Measure chord c and swing tape about point 1 os center until 
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extremity of chord falls in line of sight. This locates point 2 
on the curve. 

The next points in order are located in a similar manner. It 
is important to mark the curve points accurately in order to 
avoid cumulative errors. The final deflection angle to point 
B(P.T.) should equal 2 ^, and the last chord length should 
reach the P.T. 

b. When Transit Is Set at the P.T. If the entire curve is 
visible from the P.T., one setup of the instrument may be 



avoided if the curve is run in entirely by deflections from 
the P.T. instead of the P.C., since the instrument would be 
in position for proceeding forward on the next tangent. 

When the transit set at the P.T., with the telescope 
in its normal position, the instrument is properly oriented 
either by sighting on the P.I., vernier reading |A, or by 
sighting on the P.C., vernier reading 0° 00'. Then it 
follows that any point on the curve has the same deflection 
from the P.T. as it would have if located from the P.C. 

Assuming that the instrument is oriented as stated above, 
the curve notes are the same whether deflections are from 
the P.C. or P.T. (See example which follows.) 

For long curves, it is better to run in the second half 
by starting the measurements and deflections from the P.T. ; 
for in this way, any small errors of surveying can be adjusted 



118 HIGHWAY SURVEYING AND PLANNING 


at the middle of the curve where a slight deviation in the 
alignment is of less consequence than at points of tangency 
to the curve. 

Example. Given A = 52° 12' and P.I. at Sta. 47 + 06.4. 
To find complete curve data. 

From Table 1, T (for 1° curve) = 2,807.0. 

E (for 1° curve) = 650.6. 


To make curve fit the ground in the most feasible way, actual 
measurement shows that jE' should equal 54 ft., approximately. 


Hence 


2> = = 12.05». 

64 


Let D = 12°, then E = 


12)650.6 


54.22 
12)2,807.0 
^ 233.92. 

L = 100 X ^ = 435.0, 


« = 5^58 = 477.5. 


12 


P.I. = Sta. 47 +06.4 
T = 2 + 33.9 


P.C. = Sta. 44 + 71.5 
L= 4+35.0 

P.T. = Sta. 49 •+ 06.5 

Deflection per 100 ft. = = 6° 00' = 360' 

Deflection per 1 ft. = 3.6' 

Transit at P.C., {or P,T.), vernier reading 0° on tangent. 


Sta. 

Deflection 

44+71.5 (P.C.) 

0° 00' 

46+00 

1° 42.6' 

+ 50 

4° 42.6' 

46+00 

7° 42.6' 

+ 50 

10° 42.6' 

47+00 

13° 42.6' 

+ 60 

16° 42.6' 

48+00 

19° 42.6' 

+ 60 

22° 42.6' 

49+00 

25° 42.6' 

+ 06.6 (P.T.) 

! 26° 06.0' (check) = U 
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c. When Transit Is Set at Any Intermediate Point on the 
Curve. Assume the part AC of curve (Fig. 28) to be located 
by deflections from point A (P.C.). If station point D is 
not visible from the P.C., then the instrument may be moved 
to point C and the location of curve continued by the 
method of deflections. If, however, the obstruction is a 
small object, as a tree, then points on either side of D and 
the remainder of curve may be located by deflections from 
the P.C., or the instrument may be moved to the P.T. 
and the curve including point D run in by means of deflec- 
tions from the P.T. 



Assume transit set at point €. 

There are two methods of procedure, depending upon how 
the vernier is set for a backsight on preceding curve point 
A. Both methods involve a proposition in geometry, 
namely, The angle between a chord and a tangent is meas- 
ured by one-half of the intercepted arc. Therefore angle 6 
between chord AC extended and the tangent at C is the 
same as the total deflection angle from tangent at A to 
point C. 

Method a. Backsight on A with the telescope inverted 
and the vernier reading the total deflection from A to C 
(angle ^), the angle being reset on the opposite side of 0®, 
reverse the telescope, unclamp the alidade and turn until 
the angle reads 0°; then the line of sight is on the forward 
tangent to curve at C. The forward points Z), J5J, etc. are 
located by setting off angles equal to one-half the central 
angles for arcs CD, CE, etc. 
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Method b. Backsight on A with telescope inverted and 
vernier reading 0"^, reverse telescope, unclamp alidade, 
and set vernier to read the deflection to the next point 
as if it were located from A; this locates point D. In a 
similar manner the other forward points are located. 

This method has the advantage of using the deflections 
which were calculated for laying out the entire curve 
from the P.C. 

If a second move (i.e., a third setup) is necessary, the 
P.C, may be visible from that point and should be used if 
possible. However, any previously located point may be 
used for a backsight with vernier set at the deflection 
of the point sighted on as calculated for laying out from 
the P.C. In other words, if the transit is at any point on a 
curve and is sighted to any other point on the curve with vernier 
set at the deflection from P.C. to the point sighted, then the 
deflection to any desired point on the curve will be that originally 
calculated from the P.C. to the point desired. Hence transit 
at any point should read 0® on P.C., first deflection on 
first point, . . , fifth deflection on fifth point and so on. 

d. When Transit Is Set at the P.I. Referring to Fig. 29, 
the transit is set at F, the point of intersection of the 
tangents, and the telescope is directed to any point P on 
the circular arc AB. 

I^t a = angle PFB (== PV A when point P is on the other 
side of VM), 


6 == angle POB, etc. 

_ PN _ DB _ R vers 6 
^ TN VB - NB ~ T - k em S 


(19) 


Substituting T = R tan and dividing numerator 
and denominator by R, 


tan a « 


vers 6 

tan fA — sin d 


( 20 ) 


Solution of the above formula gives deflections from the 
tangent VB (or VA) to any point on the curve. It is 
independent of the radius or length of the curve. 
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Imagine the entire curve divided into 10 equal parts 
(see Fig. 30), starting at either the P.T. or P.C. 

Let ai and d[ rej)resent the corresponding angles to point 1 ; 
at and dt the angles to point 2; etc. 



It is obvious from Fig. 30 that Oi — AA, 62 = AA, etc. 

By means of Eq. (20), the deflections ai, 0 : 2 , etc., to each 
of the 10 points of equal division along the circular arc 
for various values of A have been computed and compiled 
in Table 28. Interpolations over ranges of 1° in A, give 
results as closely as 1 minute in the deflection angle. 

The middle point of the curve (point 5) is located inde- 
pendently by the deflection angle a& or its equivalent 
(90 — .|A), and the external distance (E). All other points 
on the curve are located by deflections taken directly from 
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Table 28, and chord measurements alofig the c/urve (not 
from the P.I.). 

Assuming the P.I. to be accessibJe, this method has the 
advantage that the curve may be staked out in one oi)eration 
while the transit is set and oriented at the P.I. for the 
purpose of finding the angle A, thus saving much time. 



The points on the curve are at equal distances apart, 
but they are not full statiom. For this reason, it is not 
recommended as the best general method of locating highway 
curves. 

Example. Given A = 40® 00', P.I. at Sta. 62 + 11.8. 
It is required to write down curve data on the basis of location 
from the P.I. 

From Table 1, for L - 100 ft.; E = 9.193, T - 52.135. 

Suppose E = 46.5 fits the ground. 
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Hence Ratio = = 5.05. 

Let L == 600 ft., then E — 9.193 X 5 = 45.96. 

Also, T = 52,136 X 5 = 260.7, and Z> - = 8°. 

P.I. =62-1-11.8 
T = 2 + 60.7 
P.C. =59-1-51.1 
L = 5 

P.T. = 64 -f 51 . 1 

Referring to Tabic 28 with A = 40° 00' as argument, the 
deflections are as given below, and the equal chords are each 
50 ft. 

Transit set at the P.I., vernier reading 0° 00' on initial tangent. 


Point 

, .. 

Sta. 

Deflection 

P.C. 

59 -f 51 . 1 

0° 00' 

1 

60 -f 01 . 1 

0° 29' 

2 

60 -t- 51 . 1 

2° 29' 

3 

61 -f- 01.1 

7° 68' 

4 

61 -b 51.1 

23° 41' 

6 

62 -f 01.1 (E = 46.0) 

70° 00' 

6 

62 -b 51 . 1 

116° 19' 

7 

63 -b 01 . 1 

132° 02' 

8 

63 -b 51.1 

137° 31' 

9 

64 -b 01 . 1 

139° 31' 

10 (P.T.) 

64 -b 61 . 1 

140° 00' 


As a check in taking deflections from the table, it should be 
noted that the first -f ninth = second -f eighth = third -f- 
seventh = fourth + sixth = 180 — A = 140°. 

90. Locating Curves by the Offset Method 
a. Offsets from the Tangent, In Fig. 31, it is required to 
locate any point P along curve ACB by means of the 
distance AN ( = x) along the tangent and the perpendicular 
offset NP {= y). 

If 6 is the central angle for any arc AP, then x = AN = 
DP = i (long chord) for arc subtending angle 26, 
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Also, y = NP — middle ordinate for arc subtending 
angle 2d. 

Proceed as follows: 

(1) Knowing the central angle (26) of twice the arc 
AP, Table 1 gives values of L.C. and M on the basis of 
100-ft. arc lengths; (2) Multiply the tabular value of L.C. 



O 

Fia. 31. 


by the arc distance AP <in stations), giving x. (3) Multiply 
the tabular value of M by twice the arc distance AP (in 
stations), giving y. ^ 

Thus, if A - 30° 30', D ^ 6% L ^ 610 ft., and P.C. is 
at Sta. 47 + 60; the values of x and y locating Sta. 48 
(40 ft. ahead) are obtained as follows: 

Entering Table 1 with central angle of 4° 00' (subtended 
by 40-ft. arc doubled) ^ we have 

X = 99.980 X 0.4 = 39.99 ft., 
and y = 0.873 X 0.8 = 0.70 ft. 
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Proceeding in this way, the entire curve may be located, 
as will be seen in the exarnple to follow. 

Example. Given A = 30° 30', D = 5°, L = 610', P.C. at 
8ta. 47 + GO. 

It is required to find the coordinates of station points along 
the curve; the first half of the curv^e is referred to tangent AV 
and the second half to tangent BV . It is possible to refer all 
points to one tangent, but offsets to the second half of the curve 
would be comparatively long, which is objectionable. 

The necessary data for computing x and y should be tabulated 
as shown below. 


X — (L.C. from Table 1) X (arc length) in stations. 
y — {M from Table 1) X (twice arc length) in stations. 


Data for Locating Curve of Offsets from Tangents 


Sta. 

(1) 

Distance 

(stationa) 

i 

(2) 

Twice 

distance 

(stations) 

Twice 

central 

angle 

From 
Table 1 

X 

(3) X 
(1) 

y 

(4) X 
(2) 

I 

(3) 

L.C. 

(4) 

M 

47 -f 60 P.C. 

0 

0 

0 

0 

0 

0 

0 

48 

0.4 

0.8 

4'’ 

99.980 

0.873 

39.99 

0.70 

49 

1.4 

2.8 

14° 

99.761 

3 . 060 

139.65 

8.64 

50 

2.4 

1 

24° 

99.271 

6.217 

238.25 

26.04 

51 

2.7 

5.4 

27° 

99.077 

6.863 

267.51 

31.66 

62 

1.7 

3.4 

17° 

99.634 

3.702 

169.38 

12.69 

63 

0.7 

1.4 

7° 

99.938 

1.526 

69.96 

2.14 

63 f 70 P.T. 

0 

0 

0 

0 

0 

0 

0 


Note: Stations 51, 52, and 53 are to be located by offsets from 
the second tangent (at P.T.). 


An approximate value of the tangent offset {y) may be 
obtained as follows : 

In Fig. 31, y «= NP = AD = H vers 
Expressing the angle {d) in radians, and expanding vers 
we have 
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2/ = ^- ^+ •••=2 (approx.) = ^ (approx.) (21) 

in which I is any arc length {AF) of radius {K), 

Hence the tangent offsets vary approximately as the 
square of the distance along the curve. 

h. Offsets from Chords. The middle ordinates for arcs 
with the same central angle are exactly proportional. 

Hence, in Fig. 31, the middle ordinate {GF) for any arc 
{BC) equals 

{M in Table 1) X length of arc BC (in stations}. 

Middle ordinates for the half arcs CF and FB are \{GF) 
(closely). 

If arc lengths are not excessive, the middle ordinates 
vary as the square of the arcs^ 

For any chord (c) subtending a central angle (A), the 
middle ordinate is 


M = ic tan JA. 

Thus, for a 12® curve, M for a 100-ft. chord (or arc) is 
50 X tan 3° 00' = 2.62 ft., and M for a 50-ft. chord (or arc) 
is 25 X tan 1° 30' = 0.65 ft., etc. 

91. Inner and Outer Curves 

Frequently, it is necessary to lay out inner or outer 
parallel circular arcs that are not very far apart radially, 
such as property lines or offset curves for reference during 
construction. The lengths of these outer and inner arcs 
may also be desired. ' 

In Fig. 32, let A == central angle (in radians) of all or 
any part of the curve; 

W\ = radial width from center to inside 
curve; 

El = radius of inside curve; 
h = length of inside curve. 

wtt E 2 , h and Da are corresponding parts of outside curve. 
I and R are length and radius of center-line curve. Then 
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I R X angle A; 

i?i == 7? — and 7^2 == 7? + W 2 ; 

also h — Ri X angle A = I — Wi X angle A = Z — ai; (22) 
and h — R 2 X angle A = Z + t ()2 X angle A = Z + a 2 (23) 

If Wi or W 2 = 10 ft., then ai or 
02 may be found in Table 6 for 
various values of the central angle. 

For any value of or W 2 other 
than 10 ft., the corresponding 
values of Oi or 02 are proportional. 

Example 1. Given A = 44° 20', 

Wi = 12 ft., and W 2 = 10 ft. It is 
required to find Ri, 7^2, Zi, and h. 

Solution. 72i = 7Z — 12, R 2 — 

R +10, 

Zi ~ Z — oi = Z — (value of a in Table 6) X 1.2 *= 

Z - 7.74 X 1.2 = Z - 9.29; 
and Z 2 — Z + 02 = Z + 7.74. 

Example 2. Given the same data as in Example 1, it is 
required to find the skew distances andy 2 (see Fig. 32). 

Solution. ji - (value of j in Table 6) X 1.2 = 10.80 X 
1.2 = 12.96; and jf '2 = 10.80. 

92. To Locate Curve When P.I. Is Inaccessible 

In Fig. 33, it is required to determine A and other data 
necessary for locating a curve connecting the given tangents 
AV and VB^ point V being inaccessible. 

Select two points N and D on tangents AV and FB. 
Measure angle VNDj distance ND and angle VDN, 

Then deflection angle A = VND + VDN. 

Solve triangle VND for NV and FT) by the law of sines. 

Hence AN ^ T - NV &nd BD == T - 7)F, where T 
depends upon the degree-of-curve adopted; or if it is desir- 
able that the curve should begin at (or near) some point A, 
then T = AN + iVF, from which D is determined. 

Example. In Fig. 33. suppose the following field measure- 
ments are taken: a = 18° 00', ND = 312.2 ft., and /3 « 32® 12'. 
It is required to find A, T, and D, 
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Solution. 
we have 


NV 

also, DV 


A = a -j- = 60° 12'. Solving triangle VND, 


% 

ND sin ^ 312.2 X 0.53288 

sin A 0.76828 

ND sin g ^ 312.2 X 0.30902 
sin A 0.76828 


216.54; 

125.57. 


If the curve starts at (or near) A, then if = 300 ft., 
r = AiV + = 300 + 216.54 = 516.54 ft. 



have 

^ _ r (for r curve) _ 2683.9 
^ 516.54 516.54 


Let D ~ 5°, for convenience, then T — 2683.9/5 == 536.8 ft., 
which is permissible. 


93. To Find One Curve That Will Replace Two Curves 
Umted by a Tangent 

Two curves with a common tangent, as ABCD in Fig. 34, 
are known as broken-back curves. They are unsightly 
and should be replaced with one spiralized curve. 

Let Rt =* OiB radius of the sharper curve; 

— O 2 C « radius of the flatter curve; 
d — tangent BC; 
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and R — OA — 07 ) — given radius of new curve which is 
to be flatter than either of the two given curves. 

It is required to find points A and D where the selected 
curve AD will become compounded with the given curves. 

The problem, therefore, is: Given 7 ?i, 7 ? 2 , d, and 7 ?, to find 
Ai and A 2, the angles subtended by arcs AB and 07 ). 



Procedure. A preliminary graphical construction (or 
sketch) should be made to establish point 0 , the center of curve 
of radius R^ as follows: Strike an arc with center 0 i and radius 
R — Ri so as to intersect an arc with center O2 and radius 
R — R2t this gives point O. Prolong OOi and OO2 to inter- 
sections with the given curves, thus fixing points A and 7 ). 

The angles Ai and A 2 will now be determined analytically. 

Join 0 i and O2, and draw line OiF parallel to BC. 

In the right triangle O1O2F, the side OiF equals d and the 
side O2F equals R2 — Ri; hence the angle O^OiF^^ $) and the 
side O1O2 can be computed. 

The three sides of triangle O1O2O are now known. Compute 
the angles at 0i and 0 , giving 00i02( = <p) and 0i002( - Ai + 
A2). 
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In the triangle OOiE (obtained by drawing OE perpendicular 
to OiF), it is seen that Ai — 9O--0 — Knowing the value 
of Ai, then A 2 = O 1 OO 2 — Ai. 

Finally, the curve lengths BA and CD can be computed, 
thus giving the stationing of points A and D. 

Example. A broken-back curve consists of 10° curve 
separated from 6° curve by a tangent distance of 200 ft. It is 
required to substitute a 4° curve which will be compounded 
with the given curves. 

Solution. Using the foregoing notation, and applying the 
formula, R = 5,730/D, we have Ri — 573.0, R 2 = 955.0 and 
R = 1432.5. 

Then R 2 — Ri = 382.0; and since d = 200, we have tan 0 ~ 
382.0/200 = 1.910, giving e = 62° 22'. 

Also, O 1 O 2 = VCaOO)* + (382)» = 431.2. 

Since R — Ri — 859.5 and R — R 2 — 477.5, the solution 
of triangle O 1 O 2 O gives </> = 19° 58' and A = 17° 58'. 

Then Ai = 7° 40' and Aj = 10° 18'. 

Finally, arc BA - 100— = 76.7, and arc CD == 100^ ~ 

171.7 ft. 


94. Metric Curves 

In measuring distances under the metric system it is 
usually customary to use a 20-meter 
tape. If a station is assumed to be 
iK\ j— jQ meters, then a full tape length is 
two stations, and ordinarily only 
every other station need be staked. 

In some foreign countries where 
the metric system is legally adopted, 
a curve is designated by its radius. 
But many have adopted the defini- 
tion that degree-of -curve is the deflection 
angle for a chord (or arc) of 20 meters, 
Degree-of -curve will here he defined as the deflection angle 
for an arc of 20 meters^ or the central angle subtended by an 
arc of 10 meters. 
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Accordingly, in Fig. 35, if Z>« = degree-of-curve and 
Rm = radius (meters), we have the proportion: 

2D„°:360^ - 20:27rR^, 

572.958 

giving > 

„ 572.958 , ^ , 

or Rm == — H (meters) 

If Dm — 1°, Ttm — 572.958 meters. 

Therefore the functions (in meters) of the unit 1® metric 
curve are tV of the corresponding functions (in feet) of the 
unit 1° foot curve. 

Hence Table 1 may be used to find the tangents and 
externals of the 1® metric curve, or the functions of the 
unit curve of length 100 meters. 

Letting Lm = length of curve (in meters), we have the 
proportion, 

giving Lm = 10^* (26) 

■C/m 

Example. Given A = 25° 00' and external distance (E) 
from P.I. to point where middle of curve should run is 7.0 
meters. It is required to find complete curve data. 

Solution. Entering Table 1 with A = 25° 00' as argument, 
we have E (in meters) for 1° curve = (139. 11) = 13.91. 

Hence D„ = = 1.99°. Let = 2°, then E = 

6.95 meters. 

Ai m iV(T for 1° curve) 127.02 ^ 

Also, T = — 2 ^ ~ — 2 — ~ 03.51 meters; 

^ ,^A 10X25.0 ^ 

and Lm = 10^ — 2 “ 125.0 meters. 

The values of L.C. and M may be found by multiplying the 
tabular values by Lm/ 100; thus, 

L.C. « 99.209 X 1.25 =*= 124.01 meters, 
and M - 6.432 X 1.25 = 6.79 meters. 


(24) 

(25) 
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The curve will be located by the usual method of deflections, 
using 20-meter chords, and setting stakes at every other station. 

Deflection for 20 meters == 2° 00' = 120'. 

Deflection for 1 meter = 6'. 

Thus, if the P.C. is at Sta. 41 + 6.24 (410 + 6.24 meters), 
and the transit is set at the P.C., vernier reading 0° 00' on 
tangent, the deflections are as follows: 

Sta. 


(1 Sta. 

= 10 meters) 



Deflections 

41 

+ 

6.24 (P.C.) 



0° 

00' 

42 





0° 

22.6' 

44 





2° 

22.6' 

46 





4° 

22.6' 

48 





6° 

22.6' 

60 





8° 

22.6' 

52 





lO'^ 

22.6' 

64 





12° 

22.6' 

64 

+ 

1.24 (P.T.) 



12° 

30 . 0' check. 



P.C. - 

Sta. 41 

-f 

6.24 



Lm * 

12 


6.0 




P.T. = 

Sta. 54 


1.24 


A comparison between metric curves and foot curves may 
be made as follows: For the same radius, the ratio of metric 

^ , 10 meters 32.808 ft. ^ ^ 

curves to foot curves is ‘- |qq - £^ — = " Jqq ££ — — 0.32808, or 

about as 1 to 3. That is, Dm is about \D, 

In order that the chord may not differ appreciably from the 
corresponding arcj the following chords may he used: 

20-meter chords up to 2° curves of radius == 286.5 meters 
(- 940 ft.). 

15-meter chords up to 3® curves of radius — 191.0 meters 
(* 627 ft.). 

12-meter chords up to 4° curves of radius == 143.2 meters 
(= 470 ft.). 

10-meter chords up to 5° curves of radius = 114.6 meters 
(- 376 ft.). 

8-meter chords up to 7.5® curves of radius « 76.4 meters 
(«251ft.). 
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6-meter chords up to 10.5° curves of radius ==54.6 meters 
(= 179 ft.). 

5-meter chords up to 12° curves of radius = 47.7 meters 
(= 156 ft.). 

4-meter chords up to 15° curves of radius = 38.2 meters 
(=125 ft.). 

2-meter chords for curves sharper than 15°. 

It should be noted that all the circular and spiral curve 
tables in the United States, or foot system, are applicable 
to the metric-system-curves, where the length of unit 
curve is 100 meters instead of 100 feet. 

Compound and Reversed Curves 

96. Compound Curves 

If two circular curves AC and CB (Fig. 36), having 
different radii, are tangent to each other at point (7, both 
curves being on the same side of the tangent, the com- 
bination is defined as a compound curve. The point of 
compound curve is called P.C.C. 

Compoimd curves are advantageous in placing the road 
to fit the ground. They should be avoided, however, except 
where topographic conditions make them necessary. 

The two curves AC and CB are laid out in the field as 
separate j circular curves, the P.T. of first curve being 
identical with P.C. of the second curve. 

For the sharper curve ACj let 

Ri = radius and Aj = intersection angle; 
and for the flatter curve CB^ let 

R 2 ~ radius and A 2 = intersection angle. 

Also, let 

T, = AVi + FiF. and = BV 2 + F 2 F. 

Some of these data may be obtained from preliminary 
paper locations. 
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96. Problems 


Case 1 

Given Ai, i?i, A 2 and R^. To find A, Ti and Ti. 

Solution. The total intersection angle A at F equals 
Ai + Aa. 

.4 Fi = V id — R\ tan ^Ai, 
also CVi — V2B — R 2 tan jAa. 



Since Di and Da are known (D = 5,730/J?), the foregoing 
tangent distances may also be found from Table 1 with Ai an<l 
Aa as arguments. 

In the triangle FiFFa, the angles and one side are known. 
Solve for ViV and FaF. 

Then « AF « AVi + FiF, 

and Tt « BV - BVi + FaF. 

Case 2 

Given Ti, Ai and A. To find Aa, Rs and T^, 
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Solution. A2 — A — Ai. Knowing A2, the value of Ri and 
T2 may be determined from (a) field measurements or ( 6 ) 
computations. 

a. Field Measurements. Set up the transit at the P.C.C., 
vernier reading 0 ° 00 ' on forward tangent CV'2, turn off angle 
^A2 and locate point B in the line VB. Measure the long chord 
CB, from which radius R2 and tangents CVi(= V2B) may be 
found (using Table 1 ). Then move transit to point read 
angle VBC as a check (it should be iA2) and measure distance 
BV = Ta. 

h. Computations. In triangle F1FF2 the three angles and 
side FiF are known. Solve for F1F2 and FF2. 

Then CF2 = F1F2 - FiC, and T2 = FB - FF2 -f 

V^B = FF2 + CV%. 

Also R2 = CF2 cot iA2. 


Case 3 

Given all the parts of a compound curve and a tangent 
parallel to the terminal tangent, as shown in Fig. 37 . 

It is required to change the position of the P.C.C. and P.T. 
so that a curve of the same radius as the terminal curve will 
end in the parallel tangent B'D'. 

Solution, Let p — the known perpendicular offset from 
original to parallel tangent. 

With the usual notation for the parts of the original curves, 
the corresponding parts of the new curves will be designated by 
primed letters. Thus Ai' and A2' are the central angles of the 
new curves; B is the original P.T., while B' is the new P.T. on a 
parallel tangent. 

Assuming the original compound curve to be drawn, lay off 

O2N =* p. 

From point Oi as center, strike an arc of radius R2 — Ri 
intersecting a line drawn through N parallel to B'D'y thus 
locating point O2', the new center of the flatter curve. 

Draw a line from Ot' to Oi prolonged to an intersection with 
the sharper curve at C'. This locates the new P.C.C. 

As will be shown on the next page, 

Cos A2' =“ cos A2 — D — from which A*' can be found. 
xCa — 

Then Ai' * A —A 2'. 

Also q ^ (Ri — Bi)(sin At — sin A#). 
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This completes the problem. 

Since O1O2 = OiOi = Uz — Ri, the proof of the foregoing 
depends on the following steps: 

Draw OiKH parallel to B'D', then OiK - OiOz sin 
Az = (Rz — Ri) sin A2; O2K = (Rz — Ri) cos A2; OzH = 



Fig. 37. — Compound curve with terminal tangent shifted. C' = 
new P.C.C., B' = new P.T. 


OzK — OzN == {Rz ~ i?i) cos Az — p; cos A/ = ^ fr = 

/D \ tCz — K\ 

{Rz -* R\) cos Az — p , p _ 

- Rx ' ~ ~ firm's;' = 

{Rz - Ri) sin Aa'; and q = OiH - OiK = {Rz ~ Ri) sin A/ ~ 
{Rz — Ri) sin Aa == {Rz — Ri){Bm Az' — sin Aa). 

Example. Given P.C. at Sta. 40 + 20, Ai « 40®, Aa « 20°, 
D\ =s= 6 , Dz ^ 4 and p =* 50 ft. To find Aa^, Ai^ and q^ also 
the proper station number of the P.T. 

Solution-. A = Ai -f Aa « 60°. 

El ** 966.0, Rz = - = 1,432.6; then R^ ^ Ri ^ 


— cos Aa — 


‘ Rz - Ri 
; OiH - 
{Rz — R\) sin Az 
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C!o8 a/ = cos 20° - :r^ = 0.83498, giving A^' = 33° 23.2'. 
477.0 

Hence A/ = 60° - 33° 23.2' = 26° 36.8'. Also, 
q = 477.5 (0.55029 - 0.34202) = 99.45 ft. 

Li = lOO^i = 666.7, 1/2 = 100^ = 500.0; then original P.T. 
JJl JJ2 

is at Sta. 40 + 20 + 1,166.7 ft. = Sta. 51 + 86.7. 

Li' = 1004^ = 443.55, L,' = lOO^r = 834.75; hence new 
Ui i>2 

P.T. is at Sta. 40 + 20 + 1,278.3 ft. = Sta. 52 + 98.3. 

When the terminal tangent is shifted inward to a parallel 

position, the solution is very similar to the foregoing. 


97. Reversed Curves 

Two circular curves AC and CB (Fig. 38) on opposite 
sides of a common tangent constitute a reversed curve. The 



Fig. 38. 


common point of reversed (or opposite) curvature is called 
P.R.C. 

Reversed curves are undesirable and should be avoided 
on major routes. Nevertheless they are frequently encoun- 
tered in difficult country. 
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98. Problems 


Case 1 

Given F 1 F 2 , the length of the common tangent, and the 
angles Ai and A 2 . It is required to find R\ and /? 2 . 

Solution. Divide F 1 F 2 into parts that are equal or unequal, 
giving tangents FiC and CF 2 . Then by using Table 1, and 
Ri may be found. 


Case 2 

Given parallel tangents (that is, A 2 = Ai — A), Ri and 7^2. 
It is required to find the relative positions of points A and B 
with reference to the tangents. 

Solution. No special drawing was made for this case, but 
it should be obvious from Fig. 38 that the projection of 
line AB on the parallel tangents is Ri sin A + 1^2 sin A ~ 
{Ri + Ri) sin A; and the perpendicular distance between 
parallel tangents is Ri vers A -j- 722 vers A = {Ri R 2 ) vers A. 

Example. If two parallel tangents are 50 ft. apart and the 
radius of each curve is 200 ft., what is the distance (along the 
tangents) from P.C. of first curve to P.T. of second reversed 
curve? 

Solution, 50 — (72 + 72) vers A = 400 vers A, giving 
A = 28° 57'. Hence required distance == 400 sin A — 193.6 ft. 

Problem 1. Given A = 43° 05' and E — \72 ft. (approx.). 
What is the degrec-of-curve? Ans.: 75 = 2° 30'. 

Problem 2. If A = 30° 12' and Z) = 2° 00', what is the 
length of curve? Ans.: L = 1510.0 ft. 

Problem 3. Using the data of Problem 2, and assuming the 
P.I. to be at Sta. 422 •+■ 16.6, what is the correct station num- 
ber for the P.T.? .4 ns.: Sta. 429 + 54.4. 

Problem 4. If the radius of a curve is 4,000 ft., what is the 
deflection angle for a 40-ft. arc? Ans.: 0° 17.2' (Table 4). 

Problem 6 . What is the middle ordinate (M) for an arc 
(a chord) of 100 ft., which subtends a central angle of 8° 00'? 

Ans.: M — \C tan iA = 1.75 ft. 

Problem 6 . Verify the answer to Problem 5 by referring to 
Table 1. 

Problem 7. Given 7) - 6° 00' and the P.C. at Sta. 21 -f 00. 
What are the coordinates x and y locating Sta. 23 -f 00? 

Ans.: Referring to Art. 90, a: = 198.54 ft., y « 20.87 ft. 



CHAPTER IV 


PARABOLIC CURVES 

99. Adaptability 

Parabolic curves, owing to their easement qualities and 
adaptability to the method of offsets, are used exclusively 
for vertical curves connecting highway and railroad grade 
profile tangents. Also, they are used widely in designing 
crowns, or cross profiles, for pavements. 

For horizontal curves, however, the parabola fails to 
})Ossess the advantages of the circle or spiral; since it cannot 
be laid out readily by deflections from a tangent, nor is its 
radius known at all points along the curve. In laying out 
comparatively short curves, such as paths, without the aid 
of an instrument, the parabola is easily adaptable. 

100. Useful Properties 

The equation of the ordinary parabola is y == kx^. In 
general, the coordinate axes are oblique; the A-axis coincides 
with a tangent to the curve (as AV, in Fig. 39) and the 
F-axis is parallel to a so-called diameter, which is a line 
from the vertex (F) to (M) the middle of a chord AB. 

For any ordinate LR (Fig. 39) parallel to the diameter 
VM, we have 



That is, if AL ^ I AV, then LR - (f)^ X (PC) = Ae. 

The foregoing illustrates a useful property of the parabola, 
namely; the ojfsets from a tangent to the curve vary as the square 
of the distance along the tangent from the point of tangency. 

Observing that the tangents A V and VB may be unequal, 
and that a diameter extends from the vertex to the middle 

139 
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of any chord, another useful property of the parabola 
is the following: 

A point of the curve opposite the vertex is at the middle of a 
diameter. 



101. Horizontal Curves 

Let it be required to locate a parabolic horizontal curve 
joining the tangents AV and VB at A and B (Fig. 39), the 
tangent lengths being not necessarily equal. 

Procedure. Referring to Fig. 39, bisect chord AB at ilf, 
then bisect VM at (7, giving a point on the parabola. As many 
intermediate points as are desired may be obtained as follows : 

Divide MA and V A each into the same number of equal parts 
(four parts, for example). Let distance VC — CM — e. 

Ordinate HN from tangent to curve == X VC — 

Ordinate JQ from tangent to curve = X VC = etc. 

Similarly, points defining portion CB of the parabola 
may be established. 

Vertical Curves 

102. The use of vertical curves for connecting the grade 
lines of the profile contributes to the safety, comfort, and 
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appearance of the highway in just as vital a manner as do 
horizontal curves in the alignment. 

Only when the difference of the intersecting grades is less 
than ^ per cent, are vertical curves considered unnecessary. 
103. Factors Governing the Length of Vertical Curves 
In selecting the lengths of vertical curves over crests 
or into ^^sags,^^ the algebraic difference of gradients enters 
into the calculations; but the controlling factor for crests 
is often an ample sight distance. 

From the standpoint of easy riding grades and pleasing 
appearance, vertical curves should have sufficient length 



so that the ‘^rate of change of grade {which is uniform on a 
'parabola) is held to a minimum. No limiting values for 
rate of change have been generally agreed upon for high- 
ways; but the American Railway Engineering Association 
recommends that on Class A railroads, rates of change of 
0.10 per station on summits and 0.05 per station in sags^' 
should not be exceeded; while double these values are 
allowed on less important roads. Thus if a +1.00 per cent 
grade meets a — 0.20jper cent grade, the total change of 
grade is 1.00 — ( — 0.20) = 1.20; hence to satisfy the 
A. R. E. A. requirement, 1.20/1/ = 0.10, orL = 12 stations 
(1,200 ft.). 

1,04. Offset ffrom Vertex to Middle of Curve 

In Fig. 40, A V and VB represent two intersecting grade 
lines. For the vertical curves connecting these grade 
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tangents, a parabola (ACB) will be assumed, as is the usual 
custom. 

It is required to derive an expression for the offset from 
the vertex to the middle of the curve, when the tangents are 
equal, as is the uS‘Ual case. 

Let ^1 and — per cent grades of tangents AV and VB 
respectively, using phis values for grades ascending forward 
and minm for those descending. 

Also, g = Qi — g 2 = algebraic difference in the grades 
(per cent) ; 

I = AC ~ CB == half length of curve (in stations); 

L = 21 — total length of curve (in stations) ; 

e = VC ■= offset from vertex to middle of curve (assumed 
vertical) . 

The middle point C of the parabola is halfway between 
V and M; and point M bisects chord AB, 

For convenience of demonstration, let elevation of point 
A be zero. Then, 


Elev. of F = 0 -h gill 
and Elev. of B ~ gd + g^l- 

Therefore, since elev. of M — §(elev. A + elev. B) — 
iigil -f g 2 l); and also since VC = ^(elev. V — elev. M), 
we have 

e == FC = \[gil - ^{gil -f gJ)] = \l{gi - gi), 
or e = \Lg, (27) 

Equation (27) shows that the distance from vertex to 
middle or parabola is \{length of curve in stations) X (total 
change in grade). 

Since the offsets from a tangent to the parabola vary as 
the square of the distance from the P. C. (or P, T.), all 
intermediate offsets can be readily computed in terms of 
the central offset (e). Thus in Fig. 40, we have the propor- 
tion: y:e = from which any offset y can be found. 

The intersection angle is small, so that it is sufficiently 
^xact to measure all offsets vertically. 
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Strict attention must be given to the signs of the per cent 
grades while using Eq. (27). Thus if gri = — 3, ^2 = +5 
and L = 600 ft., then ^=—3 — 5 = —8, and hence 
e = X 6.00 X 8 = -6.00 ft.; if = -1, ^^2 = - 5 
andL = 500 ft., then g = -1.00 - (-5.00) = +4.00, 
hence e = J X 5.00 X 4.00 = +2.50 ft. 

Figure 41 shows four possible arrangements of vertical 
curves. Cases 1 and 2 are summits,’^ while Cases 3 and 
4 are ‘^sags.” 


0^0 ' 








21 * 

= + 



— Zl 

■ 1 ^ 


<1> 


<3) 






21 

21 -> 



<2) 


"'mT' 








Fiq. 41. — Four cases of vertical curves. 


If e is plus^ the P.I. is above the curve; and hence offsets 
are to be subtracted from the elevation of the stations along 
the grade tangents. If e is minxiSy the P.I. is below the 
curve; and hence offsets are to be added to the elevations 
of the stations along the grade tangents. 

In Fig. 41, e is (+) for curves (1) and (2); and (— ) for 
curves (3) and (4). 

106. Computation of Offsets 

Assuming a vertical curve with equal tangents, two 
methods will be presented here for computing tangent 
offsets. Method A and Method B. These methods are 
quite similar. 
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Method A. 

in which 

Method B. 


The offsets are computed from the formula 



Combining the foregoing formulas, we have 

- = (r)’f = 


in which (7 is a coefficient given in the table on page 146. 


The offsets for various cases are therefore obtained by 
merely multiplying the tabular coefficients by (^), the 
algebraic difference in rates of grades. 

Example 1. (Method A.) A grade of -|-3 per cent meets 
a —1.0 per cent grade at Sta. 27 + 00 whose elevation is 600.20. 
A length of vertical curve equal to 500 ft. will be used. For 
each station, it is required to compute: (1) elevation of tangent, 
(2) offset from tangent to curve, and (3) elevation of curve. 
The length of each tangent is 260 ft. 


Sta. Elevation 

P.I. 27 4- 00 - 600.20. 

Z = 2+50 

P.C. = 24 + 50 = 600.20 - 7.50 = 592.70. 

L - 5+00 

P.T. = 29 + 50 - 600.20 - 2.60 = 597.70. 

P = Pi - ^2 = 3.0 — (-1.0) = +4.0. 

Offset from vertex to middle of curve = e == J X 6 X 4.0 = 
2.60. 

Off Bets from tangents to any point on curve = p « X 2.60, 

The required curve data are given in the table on page 146. 
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Data for Vertical Curve 


L — 500, I — 250, Qx =: -f-3.0, — —1.0, e — 2.50 


Sta. 

Elev. on 
tangent 

x/l 

Offsets 

(-) 

Elev. on 
curve 

24 + 50 (P.C.) 

592.70 

0 

0.00 

592.70 

25 

594.20 


0.10 

594.10 

26 

597.20 

i 

0.90 

596.30 

27 (P.I.) 

600.20 

1 

2.50 

597.70 



x'Jl 



28 

599.20 

8 

Z 

0.90 

598.30 

29 

598.20 

1 

0-10 

598.10 

29 + 50 (P.T.) 

597.70 

0 

0.00 

597.70 


x' is the distance from the P.T. 


Note: As a check in the computations of the elevations for 
parabola, the second differences for full stations should be 
constant. Thus for Sta. 25 to 29, we have: 


Differences 
Ist 2nd 
- 2 . 2 ^ 
-1.4. 

- 0 . 6 : 

+ 0 . 2 ' 


:> 


- 0.8 

- 0.8 


Example 2. (Method B.) Given the same data as those of 
Example 1; that is, g = 4.00, L — 500 ft,, and P.I. at Sta. 
27 + 00, whose elevation is 600.20. 

Referring to the table on page 146, we have the following 
coefficients which are each multiplied by the value of p(= 4): 


Sta. 

Distance 
from P.C. 
(ft.) 

Distance 
from P.T. 
(ft.) 

Offsets 

(ft.) 

24 + 50 

0 


0 

25 

50 


0.0250 X 4 « 0.10 

26 

150 i 


0.2250 X 4 - 0.90 

27 (P.I.) 

250 


0.6250 X 4 « 2.50 

28 


150 

0.2250 X 4 « 0.90 

29 


50 

0.0250 X 4 « 0.10 

29 + 60 


0 

0 
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Coefficients for Offsets from Tangent to Verticial (Curves 


Dist. 

from 

P.C. 

(ft.) 

Length of vertical curve (ft.) 

Diat. 

from 

P.T. 

(ft.) 

100 

150 

200 

250 

300 

350 

400 

450 

26 

.03125 

.0208 

.0156 

.0125 

.0104 

. 0089 

0078 

, 00f)9 

25 

50 

. 12500 

. 0833 

. 0625 

.0500 

.0417 

. 0357 

.0313 

. 0278 

60 

75 


. 1875 

.1406 

.1125 

. 0937 

.0804 

. 0703 

0625 

75 

100 



. 2500 

.2000 

. 1067 

.1429 

. 1250 

.1111 

100 

125 




.3125 

. 2604 

. 2232 

. 1953 

. 1 736 

125 

150 





.3750 

.3214 

.2812 

. 2500 

150 

175 






. 4375 

. 3828 

. 3403 

176 

200 







. 5000 

.4444 

200 

225 









. 5625 

225 

Diat. 



Length of vortical curve (ft.) 



Diat. 

from 









from 

P.C. 









P.T. 

(ft.) 

500 

550 

600 

700 

800 

900 

1 ,000 

1,100 

(ft.) 

25 

. 0003 

. 0057 

. 0052 

. 0045 

. 0039 

. 0035 

.0031 

.0028 

25 

50 

.0250 

.0227 

.0208 

.0179 

.0156 

.0139 

.0125 

.0114 

50 

75 

.0503 

.0511 

.0469 

.0402 

.0352 

.0312 

.0281 

. 0256 

75 

100 

.1000 

.0900 

.0833 

.0714 

.0625 

. 0556 

. 0500 

. 0455 

100 

125 

. 1563 

. 1420 

. 1302 

.1116 

.0977 

.0868 

.0781 

.0710 

125 

150 

.2250 

. 2045 

.1875 

.1007 

. 1406 

. 1250 

. 1 125 

. 1023 

150 

175 

.3003 

.2784 

.2552 

.2188 

. 1914 

.1701 

. 1531 

. 1392 

175 

200 

.4000 

.3630 

, 3333 

.2857 

. 2500 

. 2222 

. 2000 

.1818 

200 

225 

.5003 

. 4602 

.4219 

.3616 

.3164 

.2812 

.2531 

.2301 

225 

250 

.6250 

.5682 

.5208 

.4464 

. 3906 

.3472 

.3125 

.2841 

250 

275 


.6875 

.6302 

.5402 

.4727 

.4201 

.3781 

.3438 

275 

300 



.7500 

.6429 

. 5625 

. 5000 

. 4500 

.4091 

300 

325 




.7545 

.6602 

. 5868 

.5281! 

.4801 

325 

350 

/_ _ 



.8750 

.7656 

.6806 

.6125 

.5568 

350 

375 





.8789 

.7812 

.7031 

.0392 

375 

400 





1 . 0000 

.8889 

. 8000 

.7273 

400 

425 






1 . 0035 

.9031 

.8210 

425 

450 






1 . 1250 

1.0125 

.9206 

450 

475 







1 . 1281 

1.0256 

475 

600 







1 . 2500 

1 . 1364 

500 

525 








1.2528 

625 

560 








1.3750 

660 


Multiply figures in table by algebraic differences in per cent rates of 
grades to get offsets at intervals of 26 feet. (See page 144.) 
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106. Offset from Vertex to Unsymmetrical Curve 

Figure 42 shows an unsymmetrical parabolic vertical 
curve connecting the tangents AV and VB^ which are 
unequal. Frequently an unsymmetrical curve will fit 
more closely certain imposed requirements than the usual 
symmetrical curve. 

Let a vertical from the vertex (F) intersect the curve at 
(C) and the chord {AB) at M. Obviously points C and M 


VfRl.) 



are not mid-points of curve and chord, nor is C the highest 
point of the curve, but C bisects the vertical VM. 

It is required to derive an expression for the offset from 
vertex to curve! 

As before, g = gi — gi = algebraic difference in the 
grades of tangents AV and FJ5, and e = FC = offset from 
vertex to curve. 

Also, let ^1 and h = lengths (in stations) of curves AC 
and CB respectively, 

Zi + Z 2 = total length of curve (in stations) ; 
and for convenience of demonstration, let elevation of 
point A be zero. Then 

Elev. of F = 0 + gih; 
and Elev. of B = gdi + g^U, 

Also, elev. of Af «= elev. A + y - jr "r (elev. B — elev. A) 

"T 

~ f "^y {gyli + (^ 2 ^ 2 ). 

h “T h 
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Finally, e = VC = Kelev. V — elev. M) 

from which e = “ Q^) (28) 

l[Li “h h) 


If h — U — I, Eq. (28) becomes 

^2 I 

e = - g'l) =" ^Lg, 

which is the same as Eq. (27) for a symmetrical curve. 

The intermediate offsets are calculated for each tangent 
independently. Thus for offset, y, locating jioint H in 
Fig. 42, we may use the proportion: y:e = 

Example. Figure 43 shows a 4-5.0 per (;ent grade meeting 
a —7.0 per cent grade at Sta. 32 4- 00, whose elevation is 
115.00. The tangents are unequal; = 300 ft. and Z 2 = 400 ft. 

It is required to calculate offsets for each station along the 
unsy in metrical curve. 


Data for Unsymmetrical Curve 


Sta. 

Filev. on 
tangent 

x/h 

Offsets 

(-) 

Elev. on 

curve 

29 + 00 (P.C.) 

100.00 

0 

0.00 

100.00 

30 

105.00 

i 

1.14 

103.86 

31 

110.00 

I 

4.57 

105.43 

32 (P.I.) 

115.00 

1 

10.29 

104.71 

Sta. 

Elev. on 
tangent 

x' jli 

Offsets 

(-) 

Elev. on 

curve 

33 

108.00 

i 

5.79 

102.21 

34 

101.00 

i 

2.57 

98.43 

35 

94.00 

i 

0.64 

93.36 

36 4- 00 (P.T.) 

87.00 

0 

0.00 

87.00 


x' is measured from the P.T. 
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Solution. gi — ffa = 5.0 — (—7.0) = 12.0. Applying Eq. 
(28), we have e = r X 12 = 10.29. 

The offsets as recorded on page 148 are computed for each 
tangent independently, using the formulas, y — {x/Uy X 10.29 
and y = {x/UY X 10.29. 

107. Turning Point on Vertical Curve 

The turning point is the highest (or lowest) point on a 
vertical curve. This point is usually not vertically below 
(or above) the vertex, but on the right or left branch of 
the curve. 

It remains to determine not only the position of the 
turning point but its actnal elevation ^ as weil. 

Treating first the unsyminetrical curve, expressions will 
be derived, which in a simplified form, apply also to the 
curve with equal tangents. 

a. Position of Turning Point. In Fig. 42, the highest 
point of the curve is point H on the left branch. 

The tangent offset to any point on the left branch of the 
curve is 

' - (|)V (29) 


Ijetting K — elevation of this point relative to that of 
the P.C., we have 

K = gtx — ( 5 ) e. (30) 


For maximum, = 0, giving gi — = 0. Hence, 
dx 

solving for x, we obtain the distance (xi) from P.C. to the 
turning point, H thus : 


Xi 



(31) 


Likewise for cases when the turning point occurs on the 
right branch, we have 
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( 32 ) 


in which Xi is measured from the P.T. 

For vertical “sag^^ curves, Eqs. (31) and (32) will give 
the position of the lowest point. 

When the tangents are equal, li == h = I = and 

^ = ^{ 9 . ^ _ — Hence substituting in Eq. (31), we have 

o 

the distance from P.C. to turning point, thus: 


2 ~L{gi - gt) 


Lgi . 
ffi 92 


(33) 


Similarly, the distance from P.T. to the turning point is 


Xi = 


Lg2 

gi — 92 


(34) 


6. Elevation of Turning Point. Substituting in Eq. (30) 
the value of x from Eq. (31), and reducing, we have 

7 2/1 2 

K (relative to P.C.) = (35) 


Similarly, for the right branch of curve, we have 


K' = 


l2^g2^ 
4e ^ 


(36) 


where K' is elevation relative to that of the P.T. 

When the tangents are equal, Eqs. (35) and (36) become 

K (relative to P.C.) = — -y (37) 

^\9i ~~ 92)' 

and K' (relative to P.T.) = 

Example. Referring to Fig. 43, it is required to find the 
position of the highest point and its elevation. 

Assuming the highest point to be on the left branch of the 

curve, Eq. (31) gives ai = = 2 ' ^T6^29 “ stations = 

218.7 ft. from the P.C. to the highest point. 
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7 . 2 / 7 , 2 Q V 9*1 

The elevation of the highest point is K = = 4 ^ 2 Q 

= 5.47 ft. above the P.C., or at elevation 105.47. 


Applying Eq. (32), we find x/ = 5.442 stations, which, 
being beyond the limits of the second branch, cannot locate 
the highest point of the curve. 



Fig. 43. 


108. Sight Distances 

The sight distance on vertical curves over summits 
should be far enough ahead to enable motorists to take 
appropriate action in case of emergency, when the cars are 
moving in opposite directions at rapid speeds. On two-lane 
trunk highways, the minimum sight distance should be 
800 ft. 

a. Formulas, Formulas for sight distances will now be 
developed for two cases: (1) when sight distance is entirely 
on the curve, and (2) when sight distance overlaps the 
curve and extends on to the tangents. 

Let S = sight distance in stations, and 

h = height of line of vision al ove roadway at either 
side of summit, usually taken to be 5 ft. 

L, Qy and e refer to the vertical curve (see Art. 104, 

Case 1. S < L, 

The equations of any two parabolas connecting the same 
tangents are y = kx^ and yi — kxi^. Then, dividing, we 
have 

yi xi^ 
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Hence, in Fig. 44, since the lengths S and L with their 
corresponding middle offsets h and e represent portions 



of the same parabola, we have, by analogy: 
h 

e " ly 


from which ^2 == — • (39) 


Substituting the value of e from Eq. (27), and reducing, 
we have 


ShL 

9 


(40) 


Letting h — 5 ft., Eq. (40) becomes 



In Fig. 45, from similar triangles, we have 


S e -jr h 


Length of VC. in Feef 
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SIGHT DISTANCE ON VERTICAL CURVES 
VISION POINT 5' ABOVE ROADBED 


h S=5io)h+ Dis+oince - >1 



Algebraic Difference in 6ro\de Ra+es 



Fig. 46. 


of V C. in Feef 
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from which S = 

Substituting the value of e from Eq. (27), and reducing^ 
we have 

1 Ah 

^ = iL + -• (42) 

^ 9 

Letting h = 5 ft., Eq. (42) becomes 

5 = |l + ^- (43) 

2 g 

6. Diagrams. Using Eqs. (41) and (43), tables or 
diagrams giving sight distances for various values of g and L, 
may be compiled. The diagram given in Fig. 46 was pre- 
pared by the California Highway Commission. 

Thus if the algebraic difference in the rates of grade is 
8.00 and L is 600 ft., the sight distance is 550 ft. 

REVIEW PROBLEMS 

Problem 1. The intersecting profile grades consist of a 
4-5 per cent grade meeting a —4 per cent grade at Sta. 92 + 00, 
and the length of the vertical curve is 800 ft. 

(а) What is the amount of the offset (e) from vertex to middle 
of curve? 

(б) What is the tangent offset locating Sta. 90 4- 00 on the 

curve? Ans.: (a) 9.00 ft.; (6) 2.25 ft. 

Problem 2. Two intersecting profile grades consist of a —3 
per cent grade meeting a +5 per cent grade at Sta. 112 +00, 
whose elevation is 674.5. The length of vertical curve is 
600 ft. 

(а) What is the amount of the offset {e) from vertex to mid- 
dle of curve? 

(б) What is the elevation of Sta. Ill + 00 on the curve? 

Am.: (a) 6.00 ft.; (6) 680.17 ft. 

Problem 3. Two intersecting profile grades consist of a 
+6 per cent grade meeting a +2 per cent grade at Sta. 49 + 00, 
whose elevation is 842.2; and the length of vertical curve is 
400 ft. 
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(а) What is the amount of the offset (e) from vertex to mid- 
dle of curve? 

(б) What is the elevation of Sta. 50 + 00 on the curve? 

Ans.: (a) 2.00 ft.; (b) 843.70 ft. 

Problem 4. (Unsymmetrical Curve.) Two intersecting 
profile grades consist of a -fS per cent grade meeting a —5 per 
cent grade at Sta. 20 -f- 00, elevation 100.00 ft. An unsym- 
metrical vertical curve of length 1,000 ft. (10 stations) is used, 
where Zi — 6 and Za = 4 stations. 

(а) What is the amount of the offset (e) from vertex to the 
vertical curve? 

(б) At what station does the highest point occur? 

(c) What is the elevation of the highest point on the curve? 

Ans.: (a) 12.0 ft.; (b) Sta. 20 + 66.7; (c) 88.33 ft. 

Problem 6. Two intersecting profile grades consist of a 
— 6 per cent grade meeting a +4 per cent grade at Sta. 160 + 
00, elevation 400.20 ft. A symmetrical vertical curve of length 
800 ft. (8 stations) is used. 

(a) What is the elevation of the middle point of the curve? 

(b) At what station does the lowest point occur? 

(c) What is the elevation of the lowest point of the curve? 

Ans,: (a) 410.20 ft.; (b) Sta. 160 4- 80; (c) 409.80 ft. 

Problem 6. Given ffi = +5, ff 2 — —3, and S (desired sight 
distance) = 8 stations or 800 ft. Applying Eq. (41) and using 
the diagram in Fig. 46 as a check, determine the required length 
of vertical curve. Ans.: L = 12.8 sta. = 1280 ft. 
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TRANSITION SPIRALS 

109. To minimize the tendency of skidding and to ease 
somewhat the lurch exi.)erienced by motorists in passing 
abruptly from a straight to a circular alignment, transition 
spirals are desirable; since they provide a gradual change 
in curvature from a straight line (zero curvature) to a circle 
(full curvature). 

Such easement curves have long been found necessary 
on trunk railroads both from the standpoint of more com- 
fortable riding qualities and of gradually bringing about 
the full superelevation of the outer rail on curves. 

From the standpoint of pleasing appearance and ease 
of transition from a straight to a circular path, spirals 
should be as long as possible. The question of spiral length, 
however, will be discussed in Chap. VI on Superelevation. 

When a car reaches a circular path, the steering wheel 
must be set at a new angle depending on the radius of curve. 
Obviously, the steering wheel cannot be moved instantane- 
ously, but in a definitely measurable time, such as two or 
three seconds ; thus creating a demand for a transition curve. 

110. Notation and Formulas 

T.S. = point of change from tangent to spiral. 

= beginning of spiral. 

S.T. = point of change from spiral to tangent. 

S.C. == point of change from spiral to circle. 

C.S. = point of change from circle to spiral. 

I == length in feet from the T.S. along the 
curve to any point on the spiral. 

It = total length of spiral from T.S. to S.C. 

X and y = coordinates of any point on spiral with 
reference to T.S. and initial tangent. 

156 
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Xo and He = coordinates of the S.C. 

6 — central angle of spiral from the T.S. to 
any point. 

6^ = spiral angle — central angle of spiral 
from T.S. to S.C. 

(j) — spiral deflection angle at the T.S. from 
initial tangent to any point on spiral. 

Ds = degree-of-curve of the spiral at any point. 

Dc = degree-of-curve of the osculating circle 
to which the spiral becomes tangent at 
the S.C. See Fig. 48. 

D == degree-of-curve of the circular curve 
whose middle portion remains unchanged 
in position, while the end portions are 
sharpened to make room for the spiral 
{Dc — iD, approx.) See Fig. 49. 

A = total central angle of the circular curve, 
the spiraled curve. 

p — ordinate from the initial tangent to the 
P.C. of the osculating circle. 

k = abscissa of the offset P.C. referred to 
T.S. . 

a = distance from T.S. to P.C. of the original 
unoffset circular curve with which the 
spiral is compounded at the S.C. 

Ts = total tangent distance = distance from 
P.I. to T.S. 

E>, = total external distance. 

T and E = tangent and external for the same A 
and D. 

r - (i)V. 

1. = 200^ (see Table 12). 

Ue 

n _ 2005* 

I, ' 
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= 5 -j- = deflection forward from auxiliary tangent 

at intermediate point (see page 170). 
r= 5 — = deflection backward from auxiliary tangent 

at intermediate point (see page 170). 
p — Vc Rc vers ds (Table 8). 
k = Xe Re sin 6s (Table 8). 
a = (value in Table 12 for 1° curve) divided 
by D. 

T, — p tan JA -f- T -f A; or 
T. = + a (Table 12). 

-f p sec lA. 

X and y = (values in Table 7 for 100-ft. spiral) X 
Is (in stations). 

111. Definitions 

The transition spiral may be defined as a curve whose 
radius (or degree-of-curve) changes uniformly with the 
distance from some point of reference. 

Figure 47 shows a spiral curve APC connecting a straight 
line AX with some point C (S.C.) on a circle (called osculat- 
ing cirekj since it is shifted inward to point of tangency 
with the spiral). At point A on the tangent where the spiral 
begins, the (T.S.), its radius is infinity; at the point of 
tangency with the circular arc, its radius is Re and its degree- 
of-curve is Dc, the same as that of the circle; at any inter- 
mediate point of the spiral arc (point P), its radius is R and 
its degree-of-curve is D,, where Z>,:Dc »= arc AP:arc AC, 

112. Development of Spiral Theory 

In Fig. 47, let 

R = variable radius at any point P of spiral 
(R = Rc at the S.C.) ; 

I = length of spiral arc AP (1 = 1, at the S.C.) ; 

6 = central angle up to any point P (6 — 6s at 
the S.C.) ; 

X and y == coordinates of point P with reference to the 
T.S. and axis AX (x and y become Xc and ye 
at the S.C.). 

Since the degree-of-curve of the spiral varies directly 
as the distance (Z) from the T.S., its radius must vary 
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inversely as the distance; hence R = K/l^ in which K is sl 
constant. 

At point C (S.C.), the end of spiral, the above equation 
becomes Rc = K/L. 



Eliminating K by division, we have 

R = (44) 


From the differential sector at point P, we have d$ ~ 
dl/R. 

Substituting the value of R from Eq. (44) gives 


Integrating, 


de - ’^(U. 

iCch 


2RJ,. 


(45) 


Since Rc and U are constants, it is seen that $ varies as 
the square of the distance from the T.S. 
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At point C, the S.C., 6 = which is called the spiral 
angle. 

Letting 6 — 0,, then I = L; hence Eq. (45) becomes 


^ Is 

2Hds 2 /e; 


or I, — 2Rc6sj 


(46) 


in which 0, is measured in radians. 

Substituting 5,730/Dc for Rcy and expressing ds in degrees, 
Eq. (46) becomes 

L = 200^- (47) 


Hence the total length of spiral is twice the circular 
arc of central angle (0^) and radius Rc (and degree-of-curve, 
Dc). 

Comparing Eqs. (45) and (46), we have 
Olds - 

or e= (J-Jd.. (48) 

Equation (48) is the most convenient formula for finding 
6 at any point along the spiral. Since l/U is an abstract 
ratio, d and 6s may be expressed in either radians or degrees, 
the latter being preferable, of course, in practice. 

From the differential triangle at point P (Fig. 47), we 
have dy — dl sin 6 and dx — dl cos 6. 

Expressing the sine and cosine as infinite series, integrat- 
ing, and reducing, we get 




£ 6^ 
42 1,320 




76,600 +■■■]' 
9;360 “■■■]• 


The foregoing equations, although unsuitable for everyday 
use in the office or field, are fundamental as a basis for com- 
piling spiral tables such as are given herewith. 



TRANSITION SPIRALS 


161 


113. Fimctions of the Spiral and Circle 

In Fig. 48, the two spiral arcs extending from the T.S. to 
the S.C., and from the C.S. to the S.T., are joined by an 
intermediate circular arc subtending a central angle of 
(A — 26,) degrees. 

If the circular arc is extended in each direction to points 
F and F', HF and H'F' (— p) represent the distance that 



the circular curve has been shifted from the original tangents 
in order to make room for the spiral. 

Referring to Fig. 48, certain parts (or functions) of the 
spiral will now be explained. 

1. The spiral angle = = central angle of each spiral 

arc. 

2. The length of spiral from T.S..to S.C. = Z* — 2006,/ Dc. 

3. Uc =?« peifpendicular offset from initial tangent to the 

S.C.; *= abscissa of the S.C, (origin at the T.S.). 

4. p = HF - Vc — Rc vers 0.. (51) 
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It is a useful fact that the offset from H to the spiral is 
very closely « ip. Also, Hue HF approxiuaately 
bisects the spiral. 

5. Es — external distance = ^ + p sec JA. (52) 

6. k — Xe Re sin = distance from T.S. to pt. H. (53) 

7. T„ = p tan iA + 7" + A; = distance from P.I. to T.S. 

(54) 

Ry Ey and T in the foregoing formulas are the radiuSy 
external^ and tangent of the osculating circle FF' (Fig. 48). 


TS. RC. Rl. 



As a special procedure, it will be shown in Art. 118 that 
T, = r + a, where a (in Table 12) is the distance along the 
initial tangent from P.C. to T.S. of the spiral which is com- 
pounded with the circle at the S.C., so that the middle por- 
tion of the circular curve remains unchanged (that is, 
not shifted inward), as shown in Fig. 49. 

114. General Procedure for Laying Out Spiral and Circle 
By means of tables given herewith, the field work of 
laying out a spiralised circular curve is greatly simplified. 
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The most general method of procedure, will now be 
presented, although much simpler methods to be explained 
later are recommended. 

1. Given a circular curve of degree (/)c), select a spiral to 
join it at some point, then use the formula for length of 
spiral, 

, _ 20019. 

D. 

2. Assuming the circle to be moved inward the required 
amount, determine p and k, from either formulas or Table 8. 

3. Compute the total tangent distance (T.) so as to locate 
the T.S. and the S.T. 

4. With transit set at the T.S. lay out the first spiral, 
using deflection angles from Table 9, if the spiral is divided 
in 10 equal parts (as for a railroad) ; or take deflections from 
Table 10, if full stations are desired, as is ordinarily the case 
in highway location; or use the formula, cj) — jd) otherwise 
use method of offsets. 

5. Set up transit at the S.C., vernier reading {Os — </)c)° 
on other side of 0°; take backsight on the T.S. with telescope 
in a reversed position, plunge telescope, unclamp alidade, 
and turn until vernier reads 0° 00', thus putting the line 
of sight on auxiliary tangent at the S.C. 

6. Run in circular curve from S.C. to C.S. by the deflec- 
tion method, the central angle of the curve being A — 26s. 

7. Set transit at the S.T., vernier reading 0° 00' on 
tangent, and then lay out the second spiral, checking on 
the C.S. 

116. Deflection Angles 

Let <l> = angle PAZ, in Fig. 47, = deflection angle at the 
T.S, between initial tangent and any point on the spiral. 
This angle is determined by its tangent, thus : 

tan 

Substituting Eqs. (49) and (50), and dividing, 

0 

tan ^ “ 3 (approx.) 
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Since for small angles the tangent is very closely equal 
to the angle (in radians), we have, approximately: 

<^ = |, or </>“ = f - C, (55) 

in which (7 is a small correction given below. 

The correction in Eq. (55) is negligible for values of 6 
under 20°, as is shown in the table below. 

Substituting the value of 6° from Eq. (48), we have 

- "tiff - 

Equation (55a) shows that the deflections vary as 
square of the distance from the T.S. 


0 ° 

Values of the Correction (C) in the Formula: ( p ° — — C 


1 

e 1 

(degrees) 

C 

(minutes) 

6 

(degrees) 

C 

(minutes) 

20 

0.4 

49 

6.2 

25 

0.8 

50 

6.6 

30 

1.3 

51 

7.0 

35 

2.1 

52 

7.5 

40 

3.2 

53 

7.9 

41 

3.4 

54 

8.4 

42 

3.7 

55 

8.8 

43 

3.9 

56 

9.3 

44 

4.2 

57 

9.8 

45 

4.5 

58 

. 10.4 

46 

4.9 

59 

10.9 

47 

5.3 

60 

11,4 

48 

5.8 

61 

12.0 


Note: Inasmuch as Tables 9 and 10 automatically take into 
account this small correction; and, too, since most values of 
6 are under 25°, this factor € will be considered negligible and 
therefore removed from the formula; thus we have « B/Z. 
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Table 10 gives values of <^, or the deflections from the 
T.S. to any point along a spiral; while Table 9 gives these 
deflections to each of the 10 points of equal division along 
a spiral. Table 9 is more adaptable to railroad spirals. 

With Tables 9 and 10 available, Eq. (55a) would rarely 
be needed. 

Letting <i>c = total deflection angle from a tangent at T.S. 
to the S.C., then the angle at the S.C. between a tangent 
and a chord to the T.S. (angle ACS in Fig. 52) is d, — 4>c — 
iB, + 0, in which C is negligible if 6^ is not over 20°. 

Example 1. Given De = 10°, = 20°, U = 400 ft., and 

the T.S. at Sta. 37 + 10.2. It is required to locate a spiral by 
deflections from a tangent at the T.S. 

Three or more ways are open for finding the deflection angles*. 

1. Take deflections for full station points directly from 
Table 10, as recorded in the table below. 

6, — spiral angle — 20° 

Transit at Sta. 37 + 10.2, vernier reading 0° 00' on tangent. 


Sta. 

Distance ratio l/l. 

Deflections 

37 + 10.2 

0.000 

0°00' 

+ 50 

0.100 

0°04.0' 

38+00 

0.224 

0°20.0' 

+ 60 

0.350 

0° 49.0' 

39+00 

0.474 

1° 30.0' 

+ 60 

0.600 

2° 24.0' 

40+00 

0.724 

3° 29.6' 

+ 60 

0.850 

4° 48.8' 

41+00 

0.976 

6° 20.0' 

+ 10.2 

1.000 

6° 39.6' 


2. Using the formula, it is best to 

express id, in minuteSt thus }(20°) « 400 minutes. Then 

^ “ (f) ^ ^ (minutes). 
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A table of squares (Table 25) is convenient. 
The results are given in the table below. 


Sta. 

1 

Is 

iff 

Deflections 

37 + 10.2 (T.S.) 

0.000 

0.000 

0® 00' 

+ 60 

0.100 

0.010 

0° 04' 

38+00 

0.224 

0.050 

0® 20' 

+ 60 

0.350 

0.122 

0® 49' 

39+00 

0.474 

0.225 

1® 30' 

+ 50 

0.600 

0.360 

2® 24' 

40+00 

0.724 

0.524 

3° 30' 

+ 50 

0.860 

0 . 722 

4° 49' 

41 +00 

0.975 

0.951 

6® 20' 

+ 10.2 (S.C.) 

1.000 1 

1 

1.000 

6° 40' 


3. If the spiral is divided in 10 equal parts of 40 ft. each, 
the deflections to the points of equal division are given directly 
in Table 9 for = 20®. This is the simplest method of pro- 
cedure, but full stations are not located, as would usually be 
desired in highway location. 

Thus, with transit at the T.S., vernier reading 0° 00' on initial 
tangent, the deflections are as follows: 


* 

Sta. 

Deflections 

37 + 10.2 (T.S.) 

0® 00' 

+ 60.2 

0° 04' 

+ 90.2 

0® 16' 

38 + 30.2 

0° 36' 

+ 70.2 

1® 04' 

39 + 10.2 

1® 40' 

+ 60.2 

2® 24' 

+ 90.2 

3® 16' 

40 + 30.2 

4® 16' 

+ 70.2 

6® 24' 

41+10.2 (S.C.) 

6® 40' 
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Example 2. Given A = 32° 10', and the desired external 
distance (distance from the P.I. to the middle of curve) is about 
48 ft. The P.I. is at Sta. 87 + 12.2. It is required to deter- 
mine the curve data. 

Solution. A double-spiral curve will be assumed. Accord- 
ingly, Table 11 gives Es (for 100-ft. spiral) = 9.683. Ratio: 
48 

^ = 4.99 = 6.00, say. Hence, length of spiral = 5 sta- 

V • OotJ 

tions = 500 feet. Then, more exactly, Ea = 9.683 X 5 = 
48.4 ft., also Ta == 101.897 X 5 = 509.5 ft. 

The stations are established as follows. 

P.I. = Sta. 87 + 12.2 
Ts ^ 5 + 09.5 


T.S. - Sta. 82 -f 02.7 
la 5 + 00.0 


S.C. = Sta. 87 + 02.7 
la 5 + 00.0 

S.T. = Sta. 92 + 02.7 

The curve may be run in by deflections taken from Table 10. 
It is better to locate the first half from the T.S., and then the 
second half from the S.T., checking at the center. 

116. Angular and Linear Divergence Property 

Since a straight line and a circle each have constant 
curvature and the transition spiral is^ curve of uniformly 
changing curvature, it is true that the spiral diverges in angle 
and offset from the circular curve, for a given distance j at 
the same rate as from the initial tangent. This is a useful 
property of the spiral. 

Figure 52 shows a spiral diverging from the straight line 
AH with the same offsets as from the circle CF, If the 
spiral is divided in 10 equal parts, the offsets from points 1, 
2, 3, etc., on the circle to corresponding points 9, 8, 7, etc. 
on the spiral are the same practically as the perpendicular 
offsets from spiral points 1, 2, 3, etc., respectively, to the 
initial tangent. 

The error in applying this principle of equal offsets is not 
appreciable in practice. Even if the circular arc is extended 
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to point /, so that the arc CJ is equal to the spiral arc CA ; 
the offset JA from circle to spiral is very closely equal to 
the perpendicular offset yc from tangent to spiral at point C. 
This extreme offset (which would never be used as such in 
practice) is within 1 per cent of accuracy even for spiral 
angles as large as 45°. 



Fig. 52. 


117. Deflections from Intermediate Point on Spiral 

The fact that ‘Hhe spiral diverges from a circle at the same 
rate as from the initial tangent provides a method for 
locating forward or backward stations from any point. 

Thus, if the transit is set at point P (Fig. 53), vernier 
reading 0° 00' on auxiliary tangent, PSy the deflection to 
the forward point P' is 5 + <^ = deflection for circular arc 
PC' ( = PP') of radius R plvs deflection for spiral arc PP', 
as if point P were the T.S. 

Also, the deflection from P to any backward point P" is 
5 - 
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Example. Given spiral angle = 16®, De = 4°, and the 
T.S. at Sta. 31 + 12.4. Assuming that stations 32-^6 have 
been established by deflections from the T.S., it is required to 
locate the balance of the spiral by deflections from Sta. 36 +00. 



Solution. I, = 200 X V* = 800 ft. 

T.S. - Sta. 31 + 12.4 

I, ^ 8 + 00.0 


S.C. = Sta. 39 + 12.4 


Letting D, = degree-of-curvc of spiral at any point (as Sta. 
36), we have Dt i Dc = 1: h. 

Hence D, ^ Dc X l/l, = 4 X 487.6/800 == 2.438® - 2° 26.28' 
Then the circular curve deflection for Sta. 37, 100 ft. ahead, 
is ID. - r 13.14' = 73.14'. 


Using the formula, <f> = 
distance of 100 ft. is 



the spiral deflection for a 


= (in)* XV (degrees) = 5 (minutes) 

Therefore, with transit at Sta. 36, vernier reading 0® 00' on 
auxiliary tangent, the deflections are as follows: 


Sta. 

Distance 

(ft.) 

Deflections 

5 <p 

37 

100 

1° 13.14' +0“ 05.0' = 1' 18.1' 

38 

200 

2' 26.28' + 0° 20.0' = 2° 46.3' 

39 

300 

3° 39.42' + 0° 46.0' = 4* 24.4' 

+ 12.4 (S.C.) 

312.4 

3' 48.60' + 0° 48.8' = 4" 37.3' 
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Note: It will be observed that the circular curve deflections 
(5) vary directly as the distance from the point of tangency, 
while the spiral deflections (<^) vary as the square of this 
distance. 

In order to orient the instrument at Sta. 36, it is necessary 
to know the total spiral deflection from the T.S. to Sta. 36, a 
distance ratio of 0.610. This deflection (from Table 10) is 
r 59'. 

Figure 54 shows that the backsight angle from any point P to 
the T^.S. is d — <i> — 24> (since (f> — id). Hence the backsight 
angle is 3° 58'; and when the vernier is turned to 0° 00', the 
telescope is on the auxiliary tangent. 



118. Spiral Compounded with Circular Curve Whose 
Central Portion Remains Unchanged 

In Fig. 55, it will be assumed that the circular curve of 
radius (R) and degree-of-curve (Z>) is laid out on the ground 
(or is projected on paper) so that the middle portion, 
opposite vertex, cannot be shifted further inward. 

Assuming the middle portion of the circular curve to be 
unchangeable, some point on it (the S.C.) will be selected, 
preferably where the spiral angle is an integral number of 
degrees; then it is required to find the spiral which will be 
compounded with this circle at the S.C. 

Since, in Fig. 55, yc = R vers 0*, it is possible to find the 
length and other functions of the spiral which satisfy the 
foregoing requirements. 

Table 12 gives functions of the spiral which is compounded 
with a 1® circular curve. 

It will be seen that the length of this spiral is about 

6 / d \ 

150g» or three-fourths of the nominal length \20Ogy; and 
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B, 

the distance a, from P.C. to T.S., is about or one-third 

length of spiral. Also, it follows that the radius {Rc) of 
the sharpened osculating circle is about jR. 

For convenience in computing the distance ratio when 
taking deflection angles from Table 10, the values of 100/Z, 
are given. 



In case the transit must be moved to an intermediate 
point on the curve, the values of Z)« and 0, given in Table 12, 
would be useful. 

The foregoing method is very easy to apply, and it is 
particularly adaptable to highway location. 

Example 1. Given D ~ 4°, A == 42° 12', and the P.C. at 
Sta. 81 -f 11.4, It is required to lay out a spiral which will be 
compounded with the circular curve whose central portion 
remains unchanged. 

Solution. Letting the central angle of each spiral = 16°, 
there remains A — 2 X 16° = 10° 12' for the intermediate 
circular arc. ^ 

Referring to Table 12 with spiral angle =» 16°, as argument, 
and remembering that D » 4°, we have: 
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7QQ Q 

a — distance from P.C. to T.S. = —— = 200.0 ft. (same 
as 50 X and 

k = length of spiral = 599.4 ^or about 150 X 

P.C. == Sta. 81+11.4 
a = 2 + 00.0 

T.S. = Sta. 79 + 11.4 
- 5 + 99.4 

S.C. = Sta. 85 + 10.8 

The “distance ratio’’ for 100 ft. is 0.04171 (from Table 12) 
X 4 — 0.16684. This quantity will be added for each station 
in succession. 

With transit set at the T.S., vernier reading 0® 00' on tangent, 
the deflections may be taken directly from Table 10 as follows: 


Spiral Angle == 1 6° 


Sta. 

Distance ratio 

Deflections 

79+11.4 (T.S.) I 

0.000 

0°00.0' 

80 

0.148 

0° 07.0' 

81 

0.315 

0° 31.8' 

82 

0.482 

1° 14.3' 

83 1 

0.649 

2° 14.8' 

84 

0.815 

3^* 32.5' 

85 

0.982 

5^ 08.4' 

85 + 10.8 (S.C.) 

1 .000 (check) 

5*^ 19.8' 


From T.S. to S.T. by way of the spiral and intermediate 

100 X 10 2 

circular arc, the distance is 599.4 H ^ ^ — h 599.4 = 

1453.8 ft. 

From T.S. to S.T. by way of the original circular curve, the 
distance is 200 + — ^ — — + 200 = 1456.0 ft. 

Hence the spiral path is 1.2 ft. shorter. 

rp, . xtfxf TDox ^.33 (from Table 12) 

The tangent offset from P.C. to spiral is ^ 

* 2.08 ft. 
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As will be seen fiom Fij<. 55, the deviation from the original 
circle would be more than 2.08 ft. further on along the curve. 

Example 2. Same as Example 1 (page 172) except that it is 
assumed that the transit is set up at Sta. 83, and the balance o^ 
the curve is to be run out from that position. 

From Table 12, the degrec-of-curve (Ds) 100 ft. from the 
T.S. - 0.05566 X (4)2 = 0.89056°. Then at Sta. 83, which is 
3.886 stations ahead of the T.S., />« = 0.89056 X 3.886 = 
3.4607° = 3° 27.6'. Hence the circular curve deflection at 
Sta. 83 per 100 ft. is IDs = 1° 43.8'. 

Also, from Table 12, spiral deflection {<!>) for first 100 ft. — 
0.55662 X (4)2 = 8.906'. 

Hence with vernier reading 0° 00' on auxiliary tangent at 
Sta. 83, we have the following deflections : 


Sta. 

Distance 

(ft.) 

Deflections 

5 (p 

84 


100.0 

1° 43.8' + 0° 08.9' = 1° 52.7' 

85 


200.0 

3° 27.6' -f 0° 35.6' = 4° 03.2' 


+ 10.8 (S.C.) 

210.8 

3° 38.8' -f 0° 39.6' = 4° 18.4' 


Example 3. Given R — 2,000 ft., A = 30° 20' and the 
P.I. at Sta. 52 + 00. It is required to locate a spiral which 
will be compounded with the circular curve whose central 
portion remains unchanged. 

Solution. T ^ R tan |A = 2,000 X 0.27107 = 542.14 ft. 
Hence the P.C. is at Sta. 52 + 00 — (5 + 42.14) = Sta. 46 + 
57.9. 

Letting the central angle of each spiral = 14°, there remains 
A — 2 X 14° = 2° 20' for the intermediate circular arc. 

Referring to Table 13 with spiral angle = 14°, as argument, 
and using the ratio, 10,000/2,000 — 5, we have a 1,221.6/5 
= 244.3 ft., and h = 3,662.6/6 = 732.6 ft. 

Then P.C. = .Sta. 46 + 67.9 
a = 2 + 44.3 


T.S. = Sta. 44 -f 13.6 
= 7 + 32.5 


S.C. « Sta. 61 + 46.1 
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With the transit, set at the T.S., vernier reading 0° 00' on 
tangent, the deflections locating full stations may be taken 
from Table 10, as was done in Example 1. 

119. Location of Spiral by Offsets 

a. Offsets from Tangent, If the central angle (6) at any 
point of a spiral is known, Table 7 gives the coordinates 
X and y referred to the T.S. and the initial tangent. It is 
therefore readily possible to locate the spiral by means of 
offsets {y) from the tangent. 

The values of B vary as the square of the distance ratio; 
that is, 

The example which follows fully explains the method of 
procedure. 

Example. Same data as Example 1, page 172. It is 
required to find x and y for each full station. 

Solution. Having found the central angle {$) at each 
station, the corresponding unit values of x and y are taken from 
Table 7. These are to be multiplied by the spiral arc length 
(in stations) from the T.S. to each point in turn. 

The results in the following table (see page 176) indicate the 
general method of procedure. 

h. Offsets from Tangent and Circle. Conforming some- 
what to the practice of the Indiana Highway Commission, 
Table 14 gives offsets from the original tangent and circle 
to the new center line of a modified spiral (see Fig. 56) which 
starts on the tangent, 100 ft. back of the P.C., and extends 
to a point on the offset circle, 100 ft. ahead, thus giving a 
spiral length of approximately 200 ft. 

Although simple to lay out, this method has the theoreti- 
cal disadvantage of adopting the same length spiral for 
all radii. 

Making use of Table 14, the outer and inner edges of 
spiraled pavement may be located with reference to the 
original tangent and circle as follows; distance to outer 
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I 4.886 (0.816)* = .6642 10.627® = 10® 37.6' 99.656 X 4.886 = 486.9 6.167 X 4.886 = 30 13 

5 5.886 (0.982)2 = .9543 15.429® = 15® 25.7' 99.276 X 5.886 = 584.3 8.930 X 6.886 = 52.56 

4-10.8 6.994 (1.000)2 = 1.000 16.000® = 16® 00.0' 99.223 X 5.994 = 594.7 9.257 X 6 994 = 55 49 

(S.C.) 
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edge — i width — ojfsct, and distance to inner edge = 
J width + offset. 

120. Spiralized Compound Curves 

A transition spiral may be used to join the two branches 
of a compound curve, if the sharper curve is made still 
sharper, or is moved inward far enough to provide the 
proper clearance for the spiral. The function of the spiral 
is to give a gradual transition from one degree of curvature 
to the other. 


Surv^y^-. 


Ouier eol^e of spirotlized 
povemen-f- 

^w-pffsei 



Inner eolpfe of / 
s pi roll zed otndy 
anwioleneol 
pavemeni 


^w-toffsei 

Fig. 56. — Modified 200-ft. spiral (see page 175). 


In Fig. 57, page 179, the second curve (the sharper) is 
assumed to be moved radially inward at the P.C.C. a dis- 
tance HJ (— p); and the arc JW is laid off equal to the arc 
HQ. Then a spiral QNWj inserted between the two curves, 
will deviate inward from the circle QH at the same rate as it 
deviates outward from the circle WJ. The spiral therefore 
bisects HJ. Also, the offset HJ (— p) and the spiral bisect 
each other, approximately. 

The property that a spiral diverges from an osculating 
circular arc at the same rate both in angle and in offset, 
as from a tangent at the T.S., is useful here. 

Let Di and D 2 = the degree-of-curve of the two branches 
of the compound curve; 

I, and == length and central angle of the spiral QW 
which joins the circular arcs; 

I 2 and 62 = length and central angle of the completed 
suiral AW extending back to an imaginary T.S.; 
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li and di — length and central angle of spiral AQ\ 

Ai and A 2 = central angles of circular arcs QH and JW 
respectively; 
p = offset IIJ. 

Since arcs QH and JW are equal, 

lOOAi _ IOOA 2 
Di D2 


Also, since spiral arc (L) = 2 X arc QN = 2 X arc NWy 
we have 


_ 200Ax 
“ Di 


2 OOA 2 

D2 


(very closely). 


For the completed spiral, we have 


I2 1^2 I2 JJ2 

h ^ Dl’ "" Di - Di 

Uut h — h = L; hence h = L X _ (56) 

U2 — Ui 


Similarly, 

Since 

1 r , 

we have k = h X ’ 

JJ 2 — Dl 

, 20002 j , 20001 

h - and h ~ , 

(57) 

we have 

I 2 D 2 IgD^ 

~ 200 “ 200(D2 - Dl)’ 

(58) 

and 

„ hDi l,Di‘‘ 

“ 200 200(Z)2 - Dl) 

(59) 

Then 

0. - 02 - 01 - 200 " 

(60) 


The initial step in locating the spiral is usually to decide 
upon the length (Z,), and then determine the offset (p) from 
the property of the spiral, that the offsets vary as the cube 
of the distance (very closely). 

Then since the spiral QW (beginning at point W) diverges 
from the circular arc WJ at the same rate as from the 
imaginary tangent at the T.S., we have 
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where y is found in Table 7 with d-z and h as arguments. 

It will be seen that the distance from point W to the 
unoffset Da-curve is p cos Ao, as indicated in Fig. 57. 

The spiral may be located hy (a) deflections or (b) offsets , 
either method being slightly approximate for large differ- 
ences in Di and Da. 



a. Deflections. With transit at Q, vernier reading 0° 00' 
on auxiliary tangent, the deflection to any point on the 
spiral — 5 -f < 56 ; in which 5 is deflection for circular curve 
of degree Di and 4> is spiral deflection for the same distance 
as if measured from the T.S. 

h. Offsets. The offset from H inward to the spiral = 
^p. Offsets inward from points on the circle QH and out- 
ward from corresponding points on the circle WJ vary 

, . X- distance from Q or W 

practically as the cube of the ratio, 

Example. Given two circular curves compounded at 
H (P.C.C.); Di = 6 ® and D 2 *= 10®. It is required to insert a 
spiral between the two curves, the 10 ® curve being moved 



180 HIGHWAY SURVEYING AND PLANNING 


inward at the P.C.C. a distance p depending upon the length of 
spiral selected. 

Solution. Assume a spiral of length 400 ft., extending 
200 ft. on each side of the P.C.C. Then, using Eq. (60), da = 


400(6 + 10) 
200 

400 X (6)2 


= 32^ Also, e >2 = 


400 X (10)2 
200 X 4 


== 50°; and Oi — 


200 X 4 


= 18° 


As a check, 0a — B 2 — Oi = 50° — 18° = 32°. 

Using Eqs. (56) and (57), h = 400 X ^ = 1,000 ft., and 
h = 400 X I = 600 ft. 

From Table 7 with do and h as arguments, y = 27.544 X 10 
- 275.44. Then ip = (200/1,000)3 X 275.44 = 2.20 ft. 

One point on the spiral is therefore determined by offsetting 
at the P.C.C. a distance = Ip = 2.20 ft. 

Assuming the transit set on the 6° curve (200 ft. back of 
P.C.C.), the deflections from auxiliary tangent to points 
1, 2, 3, etc. are + <i>h ^2 + </> 2 , -f <t>8, etc., where d is for a 
6° curve and for a spiral as if run from the T.S. 

Thus if point 1 is 100 ft. ahead, 5i — IDi =3° 00' and 
01 = i(50) (100/1,000)2 = = 0° 10'. 

The deflections to various points on the 400-ft. spiral are 
listed below. 


Distance (ft.) 

Deflections 5 -f 0 

100 

3° 

00' 

-f 

0° 

10.0' 

— 

3° 

10.0' 

200 

6° 

00' 


0° 

40.0' 

= 

6° 

40.0' 

250 

70 

30' 

-f 

1° 

12.5' 

= 

8° 

42.5' 

300 

9° 

00' 


1° 

30.0' 

= 

10° 

30.0' 

350 

10° 

30' 

■f 

2° 

02.5' 


12° 

32.5' 

400 

12° 

00' 

4" 

2° 

40.0' 

= 

14° 

40.0' 


121. Spiralized Reversed Curve 

In Fig. 58, the two circular curves HB and BF'j shown 
by dotted lines, are reversed at B (the P.R.C.). 

It is required to improve the alignment in every possible 
way without changing radically the existing location. 

Assume point Mi opposite vertex of the flrst curve (the 
sharper) to be fixed, but the first half of the second curve 
may be shifted slightly inward toward its center. 
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Procedure. 1 . At point B (P.R.C.), offset at right angles 
to tangent BV\V2 the distance BN — ^p, where p is deter- 
mined from a ^‘spiral angle ( = |-Ai) and spiral arc ( — 2 X arc 
BM,). 

2 . Run in the half spiral NM\ by offsets from the arc RAfi, 
or by deflections. 

3 . Extend a line through N parallel to RFa until it intersects 
the terminal tangent at V » . The distance F2F2' may be found 
either from field measurements or computations. The angle 
As' = Aa - 



Fig. 68. — Spiralized reversed curve. 


4 . Run in new circular curve FF' connecting tangents NV 2 
and F2'A2', inserting spirals at each end if possible. 

122. Inner and Outer Edges of Pavement 

Assuming the center line to be a spiral, the inner and 
outer edges of the unwidened pavement will be parallel 
curves at radial distances of from the center, where 
w = normal width of pavement. These outer and inner 
edge curves are strictly not true spirals, since they are laid 
out by offsetting radially from the center-line spiral. 
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A point on the outer or inner curve at an offset distance 
of \w ft. is ill the true radial direction if its distance to the 
next point on center spiral is y/ {^w)'^ -f ft., where c is 
the center-spiral chord length, the chord being short enough 
practically to coincide with the arc. 

The length of these outer and inner curves may be found 
as follows: 

Let IJ' — length of outer curve from point opposite the 
T.S. to radial line at S.C.; 

IJ = corresponding length of inner curve; 

R’' = radius of curvature of outer edge at any point; 
R' — radius of curvature of inner edge at any point. 
For the center-line spiral, 

and e = ~ (see Art. 112). 

I ZHcla 

Let d/" = infinitesimal part of outer curve. 

Then dl" = R"de = (r + 

Integrating, Z" = 2^ 

Let B = B,, 
hence U"' = L + hwBs. 

Similarly // = I, — \wB,. 

In the above formulas, Bs is expressed in radians. (Divide 
degrees by 57.3 in order to change to radians.) 

The formulas for //' and U' give the exact length of curb- 
ing; andi/' + IJ — 2h. 



REVIEW PROBLEMS 

Problem 1. If the central angle of a spiral arc is 15®, and 
the degree-of-curve of the osculating circle is 5®, what is the 
length of spiral? Ans,: 600 ft. 

Problem 2. If the spiral angle is 18®, and the length of 
spiral is 500 ft., what is the deflection angle (4>) from the T.S. 
to a point 300 feet ahead? 
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Ans.: From formula, <f) - - 6(0.6)^ == 2° 10'; 


from Table lO, 4> - 2° 10'. 

Problem 3. The T.S. is at Sta. 148 + 90, the spiral angle 
is 12°, and the length of spiral is 1000 ft. What is the deflec- 
tion angle (<^) from the T.S. to Sta. 152 + 00? 

Ans.: 0° 23.1' (Table 10). 

Problem 4. Assuming a 4° 30' circular curve to be laid out 
with its middle portion established inward as far as possible, 
what is the length of spiral which will be compounded with the 
unoffset circular curve at a point where the central angle of the 
spiral is 16° 00'? Ans.; 532.8 ft. (Table 12). 

Problem 6 . Using the data of Problem 4, what is the dis- 
tance (a) from the P.C. to the T.S.? Ans.: 177.8 ft. 

Problem 6 . Given A = 20° 00', and D = 1°. Using a 
double-spiral curve compounded so that the middle point 
opposite vertex remains unoffset, (a) what is the length of 
each spiral branch, and (6) what is the offset from P.C. to spiral? 

Ans.: (a) 1,499.6 ft. (Table 12); (6) 3.24 ft. (Table 12). 

Problem 7. The T.S. is at Sta. 60 + 40, the length of spiral 
is 400 ft., and the spiral angle is 16°. With reference to the 
T.S. as origin, what are the coordinates of (a) the S.C., (6) Sta. 


62 + 00? 

Ans.; From Table 7: (a) x = 396.9 ft., y = 37.03 ft.; 

(6) a; = 160.0 ft., y = 2.38 ft. 
Problem 8 . The length of spiral is 300 ft., the spiral angle 
is 30°, the degree-of-curve of the osculating circle is 20° 00', 
and A == 90° 00'. What is the distance from the original circu- 
lar curve to the T.S.? Ans.; p tan JA -J- fc = 161.60 ft. 



CHAPTER VI 


CURVE SUPERELEVATION 

123. Highways on straightaways are normally given a 
slight convex crown to take care of drainage. But if the 
same crown is continued around curves, a dangerous hazard 
exists for swift moving traffic, due to the centrifugal force 
which tends to cause skidding outward from the center 
of the curve. 

This slipping tendency is resisted to a considerable extent 
by the adhesion or friction of the tires against the pavement. 
But superelevating or banking the curved roadway so that 
the surface becomes a plane, inclined toward the center, 
is a design feature of vital importance in resisting this 
centrifugal force and reducing the lurch experienced on 
entering curves. 

The normal crown gives the inner half of pavement a 
partial banking effect, which is helpful to traffic on the inner 
lane; so much so, that those traveling in the reverse direction 
on the outer lane would tend to encroach and try to make 
their own transition, unless spirals are used and the entire 
pavement is superelevated around curves. 

124. Theoretical Superelevation 

a. Friction Not Considered, From principles stated in 
texts on mechanics, the centrifugal force exerted when 
bodies move rapidly around curved paths is given by the 
product of the mcLss times the acceleration toward the center 
of the circle; that is 

W 

Centrifugal force = — 

Q K 

where W *= weight of body in pounds; 

V =* velocity in feet per second; 

184 
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R — radius of curve in feet; 
and g — acceleration due to gravity. 

In Fig. 59, let d represent the angle of inclination that is 
given to a curved roadway surface. 


FT 



Fig. 59 . 


Considering the forces acting on a car, which is assumed 
to be moving at a uniform rate around the curve, we have : 
For equilibrium horizontally and vertically 


and 


R' sin 6 — 


g R' 


R' cos e ^ W, 


Hence, dividing the first equation by the second, 

tan 6 — (61) 

git 

Reducing v from feet per second to miles per hour (44. ft. 
per second = 30 m.p.h.), and substituting 32.2 for g, 
Eq. (61) becomes 

72 

tan 6 — transverse slope = (closely). (62) 

Hence, the theoretical slope varies as the sqvme of the 
velocity and inversely as the radius. 
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Letting R = 5,730//), Eq. (62) shows that for 30 m.p.h., 
transverse slope = 0.01/). Thus for a 10° curve, the rate 
of superelevation = 0.10 ft. per foot of width of pavement; 
and the full theoretical superelevation for a 20-ft. pavement 
is 2.0 ft. 

On the basis of 60 m.p.h., the slope = 0.04//, etc. 

Owing to slow-moving traffic and slippery conditions on 
ice-coated pavements, the full theoretical rate of super- 
elevation required for high velocities cannot be realized 
in practice. In fact, this is not necessary since friction 
offers considerable resistance. Experience has shown 
that one-half the theoretical superelevation is generally 
satisfactory. 

The maximum practical superelevation is limited to 
about 0.10 to 0.13 ft. per foot of width. But the rate is 
not usually over 0.1 ft. per foot. For flat curves a smaller 
rate is customary. 

The table on page 187 was compiled from computations 
based on Eq. (62). 

6. Friction Considered. If / = coefficient of friction, then 
the frictional force, for the moderate slopes that occur in 
practice, is fW. Also, the component of the weight down 
the slope, W sin 6, is very closely equal to W tan 6. Hence 
we have 

Wv^ 

Centrifugal force = = W tan 0 + fW. 

gU 

Dividing by W and solving gives 

V \/gR{tsLii 6 A- f) (63) 

Letting V = miles per hour, tan 0 = s, and g — 32.2, 
Eq. (63) becomes 

V = Vi5R{s+f) (64) 

The value of / is taken to be about 0.25 to 0.30. 

Thus, if / is 0.3 and the rate of superelevation is 1 in. 
per foot (0.083 ft. per foot), then it is just possible for a car 
to go around a 13° curve at 50 m.p.h. without skidding. 
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Theoretical Superelevation 

(Transverse slope per foot of width) 

V2 

^ 15R 


Deg . of 
curve 

Velocity (miles per hour ) 

Radius 

( ft .) 

10 

20 

30 

40 

50 

60 

70 

80 

0 ° 34 ' 



0 006 

0 011 

0 017 

0 024 

0 033 

0.043 

10,000 

0 ° 38 ' 



0 007 

0 012 

0 018 

0.027 

0 . 036 

0 . 047 

9,000 

0 ° 43 ' 



0.007 

0.014 

0.021 

0.030 

0.042 

0.065 

siooo 

0 ° 49 ' 



0 009 

0 015 

0 024 

0.034 

0.047 

0.061 

TjOOO 

0 ° 67 ' 



0 010 

0 018 

0.028 

0 . 040 

0.054 

0.071 

ojooo 

1° 00' 


0.005 

0.010 

0.019 

0.029 

0.042 

0.057 

0.074 

6;730 

1 ° 09 ' 


0.006 

0.012 

0.021 

0.033 

0.048 

0.066 

0.086 

5,000 



0.007 

0.015 

0.027 

0.042 

0.060 

0.082 

0.107 

4,000 

1 ° 55 ' 


0.009 

0.020 

0.036 

0.056 

0.080 

0. 109 

0. 142 

3,000 

2® 00' 


0.009 

0.021 

0.037 

0.058 

0.084 

0.114 

0.149 

2,866 

2 ° 18 ' 


0.011 

0.024 

0.043 

0.067 

0.096 

0.131 

0 . 17 i 

9,500 

2 ° 52 ' 


0.013 

0.030 

0.053 

0.083 

0.120 

0.163 

0.213 

2,000 

3° 00' 


0.014 

0.031 

0.056 

0.087 

0.120 

0.171 

0.223 

1,910 

3 ® 49 ' 


0 018 

0.040 

0.071 

0.111 

0.100 

0.218 

0.284 

1,500 

4° 00' 

0.006 

0.019 

0.042 

0.074 

0. 116 

0. 168 

0.228 

0.298 

1,432 

6° 00' 

0 006 

0 . 023 

0.052 

0.093 

0.145 

0.209 

0.286 

0.372 

1,146 

50 44' 

0.007 

0.027 

0.060 

0.107 

0.167 

0.240 

0.327 

0.427 

1,000 

6° 00' 

0.007 

0.028 

0.063 

0.112 

0.176 

0.251 

0.342 

0.447 

955 

6 ° 22 ' 

0 . 007 

0.030 

0.067 

0.118 

0.186 

0.267 

0.363 

0.474 

900 

7® 00' 

0.008 

0.033 

0.073 

0.130 

0.2041 

0.293 

0.399 

0.621 

819 

7 ° 10 ' 

0.008 

0.033 

0.075 

0.133 

0 . 208 ! 

0 . 300 

0.408 

0.533 

800 

8® 00' 

0.009 

0 . 037 

0.084 

0.149 

0.233 

0 . 335 

0.456 

0.696 

716 

8 ° 11 ' 

0.009 

0.038 

I0.O86 

0.152 

0.238 

0.343 

0.467 

0.609 

700 

9° 00' 

0.010 

0.042 

0.094 

0. 168 

0.262 

0 . 377 ' 

0.513 

0.670 

637 

9 ® 33 ' 

0.011 

0.044 

0. 100 

0.178 

0.278 

0 . 4001 

0.544 

0.711 

600 

10° 00' 

0.012 

0.046 

0.105 

0.186 

0 . 291 : 

0.419 

0.570 


, 673 

11° 00' 

0.013 

0.051 

0.115 

0,205 

0 . 320 j 

0.4611 

0.627 


621 

11 ° 28 ' 

0.013 

0.053 

0.120 

0.213 

0 . 333 i 

0.480 

0.663 


500 

12° 00' 

0.014 

0.056 

0.126 

0.223 

0 . 349 ! 

0.603 

0.684 


477 

18° 00' 

h .015 

0 . 060 

' 0. 136 

0.242 

0.378 

0.646 



441 

14° 00' 

0.016 

0.065 

0.147 

10.261 

0.407 

0.686 



409 

14 ° 19 ' 

0.017 

0.067 

0.160 

0.267 

0.417 

0.600 



400 

16° 00' 

0.017 

0.070 

0. 157 

10.279 

0.436 

0.628 



382 

16° 00' 

0.019 

0.074 

0.168 

0.298 

0.466 

0.670 




358 

17° 00' 

0.020 

0.079 

0. 178 

i 0.316 

0.494 




337 

18° 00' 

0.021 

0.084 

0. 188 

0.335 

0.524 




318 

19° 00' 

0.022 

0.088 

0. 199 

0.364 

0.553 




302 

19 ° 06 ' 

0.022 

0.089 

0.200 

0.356 

0.556 




300 

20° 00' 

0.023 

0.093 

0.209 

0.372 

0.582 




286 

21° 00' 

0.024 

0.098 

0.220 

0.391 

0.611 

1 



273 

22° 00' 

0.026 

0. 102 

0 . 230 

0.410 

0.640 




260 

23° 00' 

0.027 

0. 107 

0.241 

0.428 

0.669 




249 

24° 00' 

0.028 

0.112 

0.251 

0.447 

0.698 




239 

25° 00' 

0.029 

0.116 

0,262 

0.466 

0.727 




229 

28 ° 39 ' 

0.033 

0.133 

0.300 

0.633 

0.833 




200 


Oregon has adopted as the average superelevation for 
flat curves a value of 0.075 ft. per foot and a frictional 
coefficient of 0,3, Using these values, the effect of frictional 
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resistance is equal to twice that of superelevation. How- 
ever, the importance of superelevation should not be 
minimized, since proper superelevation will overcome the 
lurch or side sway of both vehicle and passengers, and at 
moderate speeds will balance the centrifugal force acting 
on them. 

Curves sharper than 0° 30' or 1° 00' are superelevated. 

126. Critical Speeds 

According to Oregon^ practice, three speeds are con- 
sidered : 

1 . Critical speedy the maximum that can be attained with 
the standards used and beyond which only the most skillful 
racing drivers can operate without extreme hazards. 

2. Designed speedy 80 per cent of the critical speed and a 
speed that is safe for skillful drivers. 

3. Recommended safe speedy which takes into account 
normal traffic conditions and the limitations of the ordinary 
driver. Hence, a speed somewhat less than the designed 
speed. 

The critical speed of an automobile on a highway is 
(quoting Mr. Baldock) controlled by the following factors: 
(1) the ability of the operator to function properly — the 
human equation, particularly in emergencies; (2) the ability 
of the mechanism of the vehicle to operate at high speeds 
without undue hazard; (3) the stopping distance or the 
distance traveled during the reaction time of the operator 
plus the braking distance ; (4) the curvature, with which are 
involved easement, superelevation, and tractive resistance — 
all of which are brought into the equation for centrifugal 
force; (5) the horizontal sight distance on curves, which, 
of course, varies with the curvature, the position of the 
vehicle on the road, and the distance from the line of travel 
to the sight obstruction; (6) the sight distance over vertical 
curves; (7) the sight distance required in passing vehicles 

^Baldock, R. H., /^Highway Design for Speeds Up to 
100 Miles per Hour,^^ Engineering News-Record, May 23, 1935, 
p, 732. 
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at varying speeds; and (8) the gradient used in the mountain 
sections. 

The critical speed permitted by one factor for a certain 
standard will not necessarily govern for another factor, 
so, in order to correlate the standards, it is necessary to 
consider the effect on speeds of all the factors with relation 
to the standards used for both horizontal and vertical 
curvatures. 



Degrees of Curve 


Fig. 60. — ^Limitations on critical speeds imposed by curves up to 
35 deg. 

126. Theoretical Length of Transition Spirals 

To assume a constant length of transition spiral for 
different radii of curve is wrong in theory as was demon- 
strated in 1909 by Shortt and Spiller of England. 

Letting U == length of spiral and v = velocity in feet per 
second, then the corresponding time (0 in seconds for travel- 
ing the distance {L) at the specified speed {v) is L/v, If R is 
the radius of curve, the acceleration toward the center is 
v^/Rf and the rate of gain of acceleration along the spiral of 
constantly decreasing radius is v^/R divided by h/v] that is, 
vyUR, 
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Letting C equal the maximum rate of change of accelera- 
tion that will pass without noticeable discomfort, then 
C = from which 

( 05 ) 



Fig. 61. — Theoretical lengtlis of spirals required for critical speeds 
on curves of trunk highways up to 12 dog. 


If C = 3 ft. per second per second, as used by the Oregon 
Highway Commission, then 


1.0577 73 

j 


( 66 ) 


where V is speed in miles per hour, and h and R are in feet. 

Figure 61 is based on Eq. (66) and the same critical 
speeds as represented in Fig. 60. 

127. Superelevation Methods 

While changing in successive stages of warped surfaces 
from a normal crown to a plane, rotation may take place 
about the center line as an axis. The effect is to lower the 
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insider (Kige of t}if3 pavement and raise the outside edge, 
the grade of tlie center line remaining unchanged as shown in 
Fig. 02 (page 192). 

Another method consists in revolving about the inner 
edge as an axis, so that it retains the normal grade through- 
out, while the grade of the center line is raised, as shown in 
Fig. 03 (page 193). 

Care should be exercised to see that the profile grade is 
designed to avoid drainage difficulties which might result 
incidental to superelevation. 

When banking unwidened pavements on curves flatter 
than 0°, some states leave the crown in while rotating about 
the center (or inner edge). This procedure enables the 
contractor to us(i his standard crown finishing machine 
throughout, but the resulting i^avement is not properly 
superelcvated into an inclined plane, and therefore this 
])ractice should not be continued. 

The transition from a convex cross section on tangents 
to a plane section on curves should be developed so as to 
avoid angular breaks or too sudden changers. The length 
of spiral runoff is apt to be too short, thus producing a rate 
of change that is too high, resulting in what appears to 
be a sag at the beginning of the superelevation and a hump 
at the point of full superelevation. The angular breaks 
should be rounded off with vertical curves. 

Construction methods for securing the desired supe^ 
elevation vary somewhat with the different types of sur- 
faces, thus: (1) Portland cement concrete pavements, ii 
laid in strips 10 to 12 ft. in width, can be finished satis- 
factorily throughout the warping process by means of forim 
or headers set true to grade. (2) On bases and pavements 
laid full width and requiring the use of mechanical finishing 
machines, the slight transverse warping can be accom- 
plished by adjusting the finishing machine to the cross 
section and forms at short intervals. Then hand finishing 
or rolling may be used to smooth out irregularities. (3) On 
crushed stone bases and pavements and other types finished 
by blading, rolling, etc., and on unsurfaced roads, the 
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roadbed can be shaped to the exact transition elevations 
as defined by construction stakes, etc. 

The profile of the transition runoff from zero to full 
superelevation may consist of a pair of vertical curves, or a 



Fig. 62. — Plan showing development of transition from convex 
to plane section sloping inward; where C equals crown, and 2A 
equals maximum superelevation. 


straight runoff with vertical curves at each end. The 
superelevation is started on the tangent, or on the spiral, 
at a distance of 100 or more ft. from the original P.C. 
for P.T.). 

Figure 62 indicates a method of development from the 
normal convex section to a plane surface, sloping from the 
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outside of the curve downward toward the inside of the same 
at any desired rate of slope. Beginning at (or near) the 
T.S. with a normal convex section, the outer edge of pave- 
ment is raised gradually (i.e., uniformly all the way except 
perhaps for vertical curves at the angular breaks) until a 
one-slope section is obtained. The inner half of the pave- 
ment continues witli the normal crown to a point where the 
outer half becomes level, thereafter flattening until the slope 
of the outer half equals either the average slope of the 
normal section or one-half the final slope, both halves being 
now in one sloping plane. Beyond this point, the entire 



pavement is rotated about the center line, the outer edge is 
gradually raised, and the inner half is gradually lowered 
until the maximum superelevation is reached at the S.C., 
or at some preceding section (as indicated in Fig. 66). 

Where a curve is widened, the grade for the center of 
construction will be lower than the staked grade by the 
amount of one-half of the extra width multiplied by the rate 
of transverse slope at the point considered. Also the grade 
for the inner edge will be lower than that for the normal 
inner edge by the amount of the extra width multiplied by 
the rate of slope at the point considered. 

In Fig. 63, rotation takes place about the inner edge, and 
the superelevation transition consists of a reversed parabolic 
vertical curve between two parallel grades. The length 
(L = 21) is equal to the superelevation transition distance, 
and the vertical distance (E) between the parallel grades 
equals the total rise at the point of maximum superelevation 
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of the outer edge above the inner edge. Half of the total 
rise above the regular grade occurs at the midpoint (M). 

The total rise (y) for any point between A and M (Fig. 63) 
is given by the formula: 



where x is measured from point A, 

The total rise (y) for any point between M and B is given 
by the formula: 

» - « - 

where x is measured from point A, 

The example given below illustrates the foregoing method, 
which is similar to that specified by the Missouri State 
Highway Commission, 

Example. Given A = 40° 36', D = 4°, and a normal width 
of pavement = 20 ft. Letting the spiral angle {&«) = 15°, a 
spiral length of (/«) = 562.0 ft. (Table 12) is compounded with* 
the unoffset circular curve at Sta. 86 + 87.2. The T.S. is at 
Sta. 81 + 25.2. 

Assuming full superelevation to occur near the |~point along 
the spiral (at Sta. 85 + 00), a length of 300 ft. will be used 
for the superelevation transition. A maximum rate of super- 
elevation of 0.056 will be assumed, giving a total maximum 
superelevation (E) = 20 X 0.056 = 1.12 ft. 

From Sta. 81 + 25.2 (the T.S.) to Sta. 82 + 00, the normal 
crown continues; from Sta. 82 -g 00 to Sta. 85 + 00, the super- 
elevation increases to a maximum, which remains constant as 
far as Sta. 91 A 39.4; from Sta. 91 + 39.4 to Sta. 94 -f- 39.4, 
the superelevation decreases to a normal convex crown. 

Using the foregoing parabolic formulas, we have: 

• - ©’S*) - (ia)’*"*)’ 

y.E- (^^)X5*) - 1-12 - 
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The supereJevation computations are recorded in Tables 
A and B below. 


Table A. — Increasustg Superelevation 


Station 

X 

xjl 

{xHY 

1 Superelevation 

82 + 00 

00 

0.000 

0.000 


0.00 

+ 25 

25 

0.167 

0.028 


0.02 

h 50 

50 

0.333 

0.111 


0.06 

+ 75 

75 

0.500 

0.250 


0.14 

83 + 00 

100 

0.667 

0.444 


0.25 

+ 25 

125 

0.833 

0.694 


0.39 

+ 50 

150 i 

1.000 

1.000 


0.56 



L — X 

(h - 




L — X 

1 




+ 75 

125 

0.833 

0.694 

0.39 

0.73 

84 4- 00 

100 

0.667 

0.444 

0.25 

0.87 

+ 25 

75 

0.500 

0.250 

0.14 

0.98 

+ 50 

50 

0.333 

0.111 

0.06 

1.06 

+ 75 

25 

0.167 

0.028 

0.02 

1.10 

85 + 00 

00 

0.000 

0.000 

0.00 

1.12 


Table B. — Decreasing Superelevation 


Station 

L ~ X 

L — X 

1 

(.p). 

Superelevation 

91 + 39.4 

0.0 

0.000 

0.000 

0.00 

1.12 

+ 50.0 

10.6 

0.071 

0.005 

0.00 

1.12 

+ 75.0 

35.6 

0.237 

0.056 

0.03 

1.09 

92 + 00.0 

60.6 

0.404 ; 

0.163 

0.09 

1.03 

+ 25.0 

85.6 

0.571 

0.326 

0.18 

0.94 

f 50.0 

110.6 

0.737 

0.543 

0.30 

0.82 

+ 75.0 

135.6 

0.904 

0.817 

0.46 

0.66 

+ 89.4 

150.0 

1.000 

1.000 

0.56 

0.56 

- 

X 

x/l 

(x/ir 


93 + 00.0 

139.4 

0.929 

0.863 


0.48 

+ 25.0 

114.4 

0.763 

0.582 


0.29 

+ 50.0 

89.4 

0.596 

0.355 


0 20 

+ 75.0 

64.4 

0.429 

0.184 


0.10 

94 +00.0 

39.4 

0.263 

0.069 


0.04 

+ 25.0 

14.4 

0.096 

9.009 


0.01 

+ 39.4 

0.0 

0.000 

0.000 


0.00 


CHAPTER VII 


WIDENING CURVED PAVEMENTS 

128. It is advisable to widen pavements on curves for 
two reasons: (1) The rear wheels of a motor vehicle follow 
in a different track from the front wheels when rounding 
curves, thus occupying more space laterally than the width 
of the car. Hence to provide the same clearance between 
vehicles on curves as on tangents, pavements on curves 
must have an extra width. (2) There is a psychological 
demand for more clearance to divert a fast-moving car 
safely around the turn. 

Mr. James S. Voshell of the U. S. Bureau of Public Roads 
has proposed the following formula; which takes into 
account the foregoing requirements. 


/ = 2(« - Vfi* - L^) + (67) 

in which / = extra widening, L = length of wheel base 
(20 ft. being recommended), and R = radius of curve in feet. 

The Bureau of Public Roads recommends 2 to 3 ft. extra 
widening for curves of 500 to 1,000-ft. radius, and 3 to 6 ft. 
for radii below 500 ft, 

129. Methods of Widening 

Assuming the inner edge of widened pavement to be a 
modified spiral, two cases will be treated here: 

Case 1 — When the unwidened center line is a spiral^ and 
Case 2 — When the unwidened center line is a circular curve. 
For either case, widening occurs on the inner side, and the 
inner edge of widened pavement is a modified spiral. 

CASE 1 

130. Length of Inner Edge of Widened Pavement 

The inner edge of widened pavement is assumed to be a 
curve whose radial distance from the center-line spiral 

196 
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increases gradually from \w at the T.S. io^w f at the S.C. 
or some preceding section. The widening, therefore, varies 
directly as the distance I along the surveyed center line, and, 
according to the formula 

R R' - jf = R - \w - 

where R — variable radius of surveyed center line of 
pavement; 

IP — variable radius of un widened inner edge of 
pavement ; 

R = variable radius of widened inner edge of pave- 
ment. 



In Fig. 64, let dZ == differential part of inner curve, 
then dZ = Rdd — 

Expressing I in terms of B (see Art. 112) and integrating 
between the limits of 0 and 0,, we have 

z = z. - (iw; 4- m 

= length of inner edge of widened pavement from point 
opposite the T.S. to radial line at the S.C. 
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If the full extra widening (/) takes place ahead of the S.C, 
at some point (Pi) whose distance from the T.S. is Zi, as 
measured along the spiral; then the corresponding central 
angle (0i) is given by the formula: 



It follows by comparison with Eq. (GS) that the length of 
inner edge of widened pavement from a point opposite the 
T.S. to a radial line at point Pi is 

= /i - ihw 4- (68n) 

Equations (68) and (68a) would be useful in case the 
length of curbing is desired. 

The corresponding length of outer edge of pavement is 
Z" = Z« + hwB., or Z" = Zi 4- iwB,. 

For the un widened pavement, V' + Z' = 2Z». 

The angles 0, and 0i, in the foregoing expressions, are 
measured in radians (which equal degrees divided by 57.3). 

Example. Given Z« = 400 ft., te = 20 ft., 08 ■= 15° - 
0.2618 radian, and / = 3.0 ft. 

It is required to find T and Z", the inner and outer edges 
respectively of the pavement extending from the T.S. to radial 
lines at the S.C. 

Solution. I = 400 — (10 4- 2) (0.2618) = 396.9 ft., and 
Z" = 400 + (10) (0.2618) = 402.6 ft. 

131. Extra Area Due to Widening Pavement 

a. The Spiral Sections on Each Side. In Fig. 64, it is 
required to find a formula for the extra widened area (A*) 
between the curves A'C' and A'C- 

As stated in Art. 130, the widening is assumed to begin 
at the T.S. and increase gradually up to / feet at the S.C. 
That is, the widening varies directly as the distance from 
T.S. to S.C. 

Using the notation of Art. 130, differential area (blackened 
area) = dA, ~ difference between? two sectors of radii 
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R' and R = iR'^dd - iR'‘de - i(R' + R)(R' - M)de = 

- » - i/){y)d<i. 

Expressing I in terms of 6 (see Art. 112), integrating 
between the limits 0 and ds, and reducing, we get 

A, = hif - (ifw + im. 

Multiplying by 2 to include both spiral sections, dividing 
by 9 to give results in square yards, and expressing the spiral 



j superele\/<^ffo/p 








V 




AST) 


angle 0^ in degrees, the formula for area of both spiral 
sections (see Fig. 65) = 2A, = 


[^/w + (square yards). (69) 


Finally, 




where B is given in Table 15 for various values of and /, 
and for w = 16, 18. 20 and 22 ft. 
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Example 1. Given h = 400 ft., ds = 20°, / — 2 ft., and 
= 20 ft. It is required to find the extra area due to widening. 
Solution. Using Eq. (70), and referring to Table 15 

400 X 2 

(part 3), the extra area due to widening = ^ — — 1.11 == 

87.77 sq. yd. If the full extra widening (/) takes place ahead of 
the S.C., as indicated in Fig. 66, then replacing and 0s by 
h and 01 , Eqs. (69) and (70) become 

2A , = ^ yards) (69.4 ) 

and 2.4. = ^ - B. (70A) 

where the proper values of B are found in Table 15 by using 
01 instead of 0« as argument. 

h. Central Circular Section. In Fig. 65, the area (Ac) of 
the circular section due to the constant extra width of / ft. 
equals the difference between two sectors of central angle 
(A — 2ds) and radii R'^ and {IP — /), where R' = R -- iw 
(R being the center-line radius); or, more simply, the 
area = (length of arc through middle of strip) X / = 
(i?' - ^/)(A - 2es)(J) ^ {R ^ iw ~ lf)(f)(A - 2es) - 

Lcf- (^^^‘)(w/ + /2) sq. ft., where Lc is length of 

nominal center-line curve from S.C. to C.S., and the angle 
is expressed in radians. 

Area per foot of center-line curve = 

/ - +/") = / - = 

/ - +f‘) (sq- ft-). 

where D is expressed in radians. 

Dividing by 9, and expressing D in degrees, we have 

Area per t linear foot = |[l - (^t) 


Table 16 is based on Eq. (71). 



Surveyed cenfer it ne of spmaf^ 


WIDENING CURVED PAVEMENTS 


201 



Fia. 66. — Plan of a superelevated and widened pavement whose surveyed center line consists of 
spiral compounded with the unoffset circular curve. 
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Example 2. Referring to the previous Example 1, suppose 
A = 52° 12', Bs = 20°, D = 10°, / = 2 ft., and la = 20 ft. 
What is the extra area around the central circular arc?, 

Solution. From Table 16, the extra area per foot of center- 
line curve = 0.218 sq. yd. 


Since Lc = 


100(A - 26,) 100 X 12.2 


D 


extra area — 0.218 X 122.0 


10 

22.6 sq. yd 


= 122.C ft., the total 


132. Laying Out Inner Edge of Widened Pavement 

The inner edge of widened pavement is located very easily 
by means of radial offsets from the surveyed center-line 
spiral. 

These offsets vary directly with the center-spiral-arc 
distance from the T.S. Thus, if the widening at the S.C. is 
/ ft., that at the mid-point is hf ft., etc. 


Example. Given I, = 400 ft., / = 2.6 ft., and T.S. at Sta. 
37 -f 88.7. It is required to find the extra widening at 50-ft. 
stations. 

Solution. Multiplying the “distance ratios'’ by the value 
of/ gives the widening. Thus: 

/ = 2.5 ft. 


Sta. 

1 

la 

Extra width (ft.) 

37 + 88.7 (T.S.) 

0.000 

0.00 

38+00 

0.028 

0.07 

+ 50 

0.153 

0.38 

39+00 

0.278 

0.70 

+ 50 

0.403 

1.01 

40+00 

0.628 

1.32 

+ 60 

0.663 

1.63 

41+00 

0.778 

1.95 

+ 60 

' 0.903 

2.26 

41+88.7 (S.C.) 

1.000 

2.50 
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133. Area of Unwidened Pavement 

The area of each unwidened spiral section is Uwy since 
the outer and inner curves are equidistant radially from 
the center line. The area of intermediate portion = LcW. 


CASE 2 

134. Extra Widening When Surveyed Center Line Is 
Unspiralized Circular Curve 



In Fig. 67, let a — distance from T.S. of inner curve 
to P.C.; 

Ls = length of center-line circular arc AC, 
extending from the P.C. to the section 
of full widening (/), and subtending an 
angle Be) 

fi = widening at the P.C. (if a = 

/i = hfj that is, the widening varies 
as the distance from the T.S.) ; 

R = radius of circular arc AC; 

K' = and R = - (/i + (/ - 

in which L = any arc AP, 
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The widened area extending from the T.S. to the P.C. is 
that of a triangle or ^a/i. 

For the circular part, we have differential area — differ- 
ence between two sectors = ^R*^dB — ^RHB. 

Substituting, integrating between the limits 0. and Bc^ 
and simplifying, we have 

Extra area of widening (opposite AC) 

+ /) - [ j(/i +f)w+ (72) 

= 2 /, Eq. (72) becomes, 

fW - iifw - -hP)B.. (73) 

Multiplying by 2 to include both sides, dividing by 9 to 
give results in square yards, and expressing the angle Be 
in degrees, we have 

Extra area (when /i = |/) = 

- (r2f"’ - HZ’) X no*-" <”> 

To the above expression will be added the extra area 
around the central part of curve (see Table 16). 

REVIEW PROBLEMS 

Problem 1. Given A = 40® 36', — 12°, Dc = 6°, Z« — 

400 ft., normal width (w) of pavement = 20 ft., and extra 
width (/) = 2.0 ft. 

It is required to find the total extra area due to widening. 

Am.: Two spiral sections = 88.2 sq. yd. 

Central circular section = 60.9 sq. yd. 

Total extra area — 149 . 1 sq. yd. 

Problem 2. Given A 50° 12', = 20°, D «= 8°, normal 

width (w) of pavement « 20 ft., extra width (/) = 2.0 ft., and 
the spiral is compounded with the unoffset circular curve, 
giving It = 374.4 ft. (Table 12), 
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It is required to find the total extra area due to widening, if 
full widening takes place at a point 200 ft. from the T.S. ^that is, 

h = 200 ft., and 9., - X 20° = 6° 42'^. 

Ans.. Two approach sections = 44.1 sq. yd. 
Central circular section = 104.3 sq. yd. 


Total extra area = 148.4 sq. yd. 

Problem 3. Assuming the circular curve to be unspiralized, 
owing to limited tangent runoff distances, as may happen in 
mountainous country, we have A = 80° 42', D — 20°, a = 
60 ft.. La = 60 ft., dc = 12°, normal width (w) of pavement = 
20 ft., and extra width (/) = 3.0 ft. 

It is required to find the total extra area due to widening. 

A ns.: End portions = 39.2 sq. yd. 

Circular portion = 90.7 sq. yd. 


Total extra area = 129.9 sq. yd. 

Problem 4. Using the data of Problem 2, suppose the T.S. is 
at Sta. 145 -h 62.7. If the widening starts at Sta. 146 + 00, 
and full widening occurs at Sta. 148 -1- 00, what is the approxi- 
mate extra area due to widening? 

Ans.: Two approach sections = 44.4 sq. yd. 

Central circular section = 88 . 8 sq. yd. 


Total extra area = 133 . 2 sq. yd. 

Problem 6 . Given A = 40° 12', Dc = 10°, = 10°, I, - 

200 ft., w = 20 ft., and / = 2.6 ft. The maximum rate of 
superelevation = 0.100, giving maximum superelevation of 
outer above inner edge = 22 X 0.10 = 2.20 ft. 

The point of beginning of both widening and superelevation 
is at Sta. 74 -f 05.2 (the T.S.), and the point of full widening 
and superelevation is at Sta. 76 -f 05.2 (the S.C.). 

Tables A and B on page 206 give widening and superelevation 
data both from the tangent to the curve and from the curve to 
the tangent. 
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Table A. — Increasing Superelevation 


Station 

X 

x/L 

Extra 

width 

x/l 

(x/Z)2 

Super- 

eleva- 

tion 

74 -h05.2T.S. 

0.0 

0.000 

0.00 

0.000 

0.000 

0.00 

H” 25 

19.8 

0.100 

0.20 

0.200 

0.040 

0.04 

+ 50 

44. 8i 

0.224 

0.45 

0.448 

0.201 

0.22 

+ 76 

69.8 

0.349 

0.70 

0.698 

0.487 

0.54 

75+00 

94.8 

0.474 

0.95 

0.984 

0.899 

0.99 

+ 05.2 

100.0 

0.500 

1.00 

1 . 000 

1.000 

1.00 



x 


L — X 




X 

L 


1 

V 1 ) 


+ 25 

119.8 

0.599 

1.20 

0.802 

• 0.643 

1.29 

+ 50 

144.8 

0.724 

1.45 

0.552 

0.305 

1.66 

+ 75 

169.8 

0.849 

1.70 

0.302 

0.091 

2.10 

76 + 00 

194.8 

0.974 

1.95 

0.052 

0.003 

2.20 

+ 05.2 S.C. 

200.0 

1.000 

2.00 

0.000 

0.000 

2.20 


Table B. — Decreasing Superelevation 


Station 

X 

X 

L 

Extra 

width 

L — X 

1 


Super- 

eleva- 

tion 

78 +07.2 C.S. 

200.0 

1.000 

2.00 

0.000 

0.000 

2.20 

+ 25 

182.2 

0.911 

1.82 

0.178 

0.032 

2.17 

+ 50 

157.2 

0.786 

1.57 

0.428 

0.183 

2.00 

+ 75 

132.2 

0.661 

1.32 

0.678 

0.460 

1.69 

79+00 

107.2 

0.536 

1.07 

0.928 

0.861 

1.25 

+ 07.2 

100.0 

0.500 

1.00 

1.000 

1.000 

1.10 


X 

x/L 


x/l 


I 

+ 25 

82.2 

0.411 

0.82 

0.822 

0.676 

0.74 

+ 50 

57.2 

0,286 

0.57 

0.572 

0.327 

0.36 

+ 75 

32.2 

0.161 

0.32 

0.322 

0.104 

0.11 

80+00 

07.2 

0.004 

0.07j 

0.072 

0.005 

0.01 

+ 07.2S.T. 

00.0 

0.000 

0.00 

0.000 

0.000 

0.00 





CHAPTER VIII 


MISCELLANEOUS 

135. Duties and Responsibilities of the Highway Engineer 

A large part of the highway work in the United States is 
done through organized State Highway Departments in 
cooperation with the U. S. Bureau of Public Roads. 

Among the functions of the highway organizations may 
be mentioned the following: 

a. Preparation of plans, specifications, and estimates and 
the letting of contracts for the improvement of roads 
and streets, including bridges, culverts, and all drainage 
structures. 

b. Supervision of the construction of roads, culverts, and 
bridges. 

c. Maintenance of highways. 

d. Testing of road and bridge material and investigating 
new sources of materials. 

The onus of carrying out the location, construction, and 
maintenance of highways to a successful completion rests 
largely upon the engineer. 

The following duties and responsibilities have been laid 
down by the Maryland, Missouri, and other Roads Com- 
missions as applying particularly to the resident engineer or 
inspector: 

1. Familiarity with the Work. Make a careful study of the 
plans, specifications and special provisions applying to the work 
and be sure that you understand them fully. Study each note 
and dimension so that there will be no doubt in your mind 
about any detail. You should make no changes in plans 
without previous authorization. 

If there are any doubtful points submit them to the district 
engineer for interpretation. If there are any discrepancies, 
call his attention to them at once, 

207 
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Each clause of the specifications is included for a definite 
purpose and should not be overlooked or disregarded. Prac- 
tically every provision has been tested by experience, and the 
present specifications are the result of much study and many 
revisions. But specifications of themselves arc of no value. 
The work which they are intended to control must be intelli- 
gently supervised and executed to produce a structure such as 
was intended. No set of specifications can be written to cover 
completely all conditions which may arise. Experience, good 
judgment, and honesty must dictate the answer to doubtful 
questions. 

Study the location and learn the details of the proposed 
structure so thoroughly as to be able to make necessary inter- 
pretations and to answer questions which are certain to arise 
daily. 

Before construction commences, go over the project in detail 
with the contractor and get acquainted with his plan of pro- 
cedure; equipment he will employ; liis plans for handling and 
storing materials; and his sequence of operations, so you can 
arrange your work accordingly. 

2. Relations with the Contractor. In his dealings with the 
contractor, the inspector should follow a friendly, business-hko 
and ethical course. He should see that the contractor, as well 
as the state, is given a fair deal, and that the work is performed 
in strict accordance with the specifications. 

The inspector should not become too familiar with the con- 
tractor or his representatives, but should maintain a natural 
reserve and impartial attitude, which in turn will command the 
contractor’s respect. The inspector should be exacting at the 
beginning of the job; for methods resulting in unsatisfactory 
work are more easily corrected at the start than after they have 
been permitted for some time. 

The inspector should not try to direct the contractor’s 
method of doing the work; but it is the inspector’s duty to see 
that the results meet the specifications. He should use every 
effort to correct any tendency on the part of the contractor to 
slight the work. Inspectors should report to the district engi- 
neer, promptly and fully, any attempt of the contractor not to 
comply with the plans or specifications or with written orders. 

Orders should not be given directly to a laborer, but all 
matters should be taken up with the superintendent or foreman ; 
and then the inspector should see that th.ey are carried out. 
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All important orders given the contractor and his represen- 
tatives should be in writing. In case of emergencies which 
prohibit waiting for written orders, all important verbal orders 
or instructions should thereafter be confirmed in writing. The 
inspector should retain a copy of all written orders. This 
enables the inspector to defend his acts in case of later con- 
tention or dispute. 

3. Relations with the Public. Give particular attention to the 
enforcement of that part of the specifications concerning public 
convenience and safety. Before construction starts, go over 
all detours, making certain that they are in a safe and passable 
condition ; that they are properly posted ; and that all barricades 
and lights are in place, so that there will be no reasonable 
complaint on the part of the public. 

Be courteous and agreeable in all your dealings with the 
public, remembering that you are an employee of the public as 
well as of the State Roads Commission; and that the Com- 
mission will be judged by your conduct. 

Do not discuss the details of your work with the public, nor 
discuss with it shortcomings of the contractor or of his organi- 
zation or methods. 

If provided with an office, see that it is kept neat and clean. 

4. Proper Inspection Essential. The inspector should be on 
the job at all times while construction operations are in progress. 
The first concrete batch of the day is the one most likely to be 
bad. Be there to see it mixed. The last one of the day is most 
likely to be carelessly spaded. Be there to see it poured. 

Organize the work of your assistants so that each man’s- 
duties will be clear cut, and hold him responsible for properly 
, carrying out the part of the work you have assigned to him. 

Competent inspection is one of the most important elements 
entering into the construction of any engineering project. The 
most careful and accurate plans and specifications may be pre- 
pared, and the structure may be accurately laid out in the field; 
but if faulty materials or poor workmanship are incorporated in 
the construction, the purpose of all the preceding effort is 
wasted. Proper inspection is a man-sized job. It requires 
constant vigilance, diplomacy and firmness. 

The work demanded by the Standard Specifications and by 
special provisions is, when finished, complete, uniform, of good 
quality, and in appearance pleasing to the eye. Whether it be 
a graded section, a culvert, a bridge, a concrete slab, or any 
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other item, watch your linos, grades, surface, quality, and the 
method of obtaining them. 

136. Care of Field Equipment 

The field equipment and particularly the transits and 
levels are deserving of good care not only because they are 
delicate and expensive, but because an accurate set of notes 
cannot be made with instruments in bad condition. 

When transporting surveying instruments in automobiles 
or trucks, they must be carefully handled to avoid damage. 
When the party is driven to and from work, the best way 
to carry an instrument is on the lap of a member of the party 
either in or out of the box, but under no circumstances 
should a boxed instrument be placed in a vehicle so that 
it can bounce around. If transported in a case, it should 
be cushioned with coats, burlap, blankets, or other suitable 
materials; and be frequently inspected to make certain 
it is riding satisfactorily. In transporting level rods and 
range poles long distances, they should be wrapped to 
preserve the paint and graduations. 

If it becomes necessary to ship an instrument by rail, 
the instrument case should be inclosed in an outer packing 
box and the space between (on bottom, sides and top) 
should be carefully surrounded by some shock-absorbing 
material. The top of the tripod should be carefully wrapped 
to protect the threads. 

If an instrument head sticks to the tripod, rough handling, 
such as by use of pipe wrenches or hammer and chisel, 
should never be employed. If it can not be unscrewed by 
hand, it can usually be expanded enough to permit easy 
removal, by applying a hot towel to the base plate. Or it 
may be released in the following manner: First set up the 
instrument; then with two tripod legs in this position, raise 
the third leg upward until it touches the instrument head; 
now try to unscrew the head; if stiU tight, raise or lower 
the same leg, and at some place in this process the strain 
will be released and the head will come off easily. Trouble 
of this sort is avoided by keeping the threads always clean, 
and not screwing the head on the tripod too tightly. 
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Wht^n carrying an instrument mounted on a tripod 
through brush or tlirough doors of a building or other 
contracted spaces, the tripod should be carried under the 
arm with the instrument forward, and not over the shoulder; 
thus avoiding the possibility of the instrument being 
accidentally struck. When setting up the instrument, 
the tripod should not be set too high, as it may easily 
be tipped over. An instrument should never be left 
unattended or out of sight, where it is likely to be knocked 
over by vehicles, cattle, or pedestrians. 

In handling an instrument, care should be taken to grip 
it at such points that no strain will be put on any of the 
adjustments. Be^fore picking up an instrument which 
is on the tripod, always loosen the spindle clamp; and, in 
the case of a transit, tighten the compass needle. 

Always set uj) an instrument with the tripod head as 
nearly level as possible, so that the leveling screws will show 
about the same amount of thread. In leveling up, the 
leveling screws should be set firm but not tight. In tighten- 
ing the clamp screws it is necessary only to screw them 
home lightly, as the design of the clamps makes them grip 
very firmly. If it becomes necessary to lubricate a thread 
or bearing, only the best grade of watch oil should be used 
and only a small amount of that. 

A hood should be placed over the transit when it is 
exposed to wet weather or dust storms. Wet tapes should 
always be wiped dry before being put away or reeled up. 
Steel tapes should be rubbed with an oily cloth after cleaning 
to prevent rusting. All instruments should be kept clean 
and in good adjustment at all times. When in constant 
use, the adjustments should be checked once a week, or 
oftener if necessary, 

137. Adjustments of the Instruments 

Every adjustment consists of (1) the test and (2) the 
correction. 

Repeat each as often as seems necessary. 

In using two opposing screws, one should always be 
slightly loosened before the other is tightened. 
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The adjustments should be made in the order given 
below. Before using an instrument, however, and especially 
before attempting to adjust it, the observer should focus 
the eyepiece upon the wires. 

The Transit 

The level tubes should be parallel to the vernier plate. 

Test. After setting up, bring the two levels each parallel 
t^' a pair of leveling screws, luring both bubbles to the 
center of the level tubes by means of the leveling screws. 
Turn the instrument 180° in azimuth. The bubbles should 
remain centered; if they do not — 

Correction. Bring them halfway back to the center by 
means of the leveling screws, and the remaining half with 
an adjustment pin working in the capstan nuts of the bubble 
tube, by loosening one nut and tightening the opposite one. 
Adjust the bubbles one at a time. Tighten all screws. 

The vertical wire should be truly vertical. 

Test. The vertical wire should cover a point upon which 
the transit has been sot as the telescope is moved slightly 
up and down. If it does not — 

Correction. Loosen the four capstan-headed screws and 
rotate the reticle until the wire stands the test, then tighten 
all four adjusting screws. 

The line of sight should be perpendicular to the horizontal 
axis. 

Test. Set up and level the instrument. Sight on point 
A a few hundred feet away, plunge the telescope and set 
another point B on the line of sight and about the same 
distance away on the opposite side of the transit. Turn the 
instrument in azimuth and again sight at A (with telescope 
inverted). Plunge the telescope; point B should be in the 
line of sight. If it is not — 

Correction. Set a point C in line of sight opposite B. 
Set point D one-fourth of the way from C to B. Move the 
vertical cross wire over until it intersects point D, by means 
of the screws on side of telescope. 

The horizontal axis of the telescope should be per- 
pendicular to the vertical axis of the instrument. 



MISCELLANEOUS 


213 


Test. Set up transit and sight the vertical cross wire 
on a well-defined high point A. Depress the telescope and 
set a point B on the ground. Reverse telescope, turn in 
azimuth and again sight on A. Depress telescope and the 
line of sight should cover B. If it does not — 

Correction. Set point C in line of sight opposite B. 
Set point D half way between C and B. Adjust the mov- 
able end of horizontal axis until line of sight intersects 
point D. 

If there is a level under the telescope it should be parallel 
to the line of sight. 

Test. Use the '‘peg method. Set up halfway between 
two driven stakes or other solid points, and with bubble in 
center take a rod reading on each point. The difference of 
rod readings gives the true difference in elevation. Set up 
by the side of one of the points just far enough away to 
allow the telescope to swing clear of a vertical rod held on 
the near point. Take a rod reading on the near point by 
sighting through the large end of the telescope. Then, 
knowing the difference in elevation, compute the correct 
reading for the far point. With the bubble centered, take 
a rod reading on the far point. This should agree with 
the computed reading. If it does not — 

Correction. Set wire on the correct reading and bring bub- 
ble to center by the adjusting screws at the end of the tube. 

The y-Level 

The line of sight should coincide with the axis of the rings. 

Test. Remove pins and pull clips back so that the 
telescope is free to turn in the F's. Sight the intersection 
of the cross hairs at some well-defined point several hundred 
feet away, using the leveling screws for vertical motion and 
the clamp and tangent screw for horizontal motion. When 
the telescope is rotated halfway around in its the 
intersection of cross hairs should still be on the point. If 
not — 

Correction.' Bring the horizontal cross hair halfway 
back to its first position by means of the upper and lower 
adjusting screws of the cross hair ring. 
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The line of sight should be parallel to the level tube. 

Test. Level over both pairs of screws, then clamp over 
one of them. With clips open, center the bubble accurately. 
Lift telescope out of its Y’s, turn it end for end and care- 
fully replace it. The bubble should come exactly back to 
the center of tube. If it does not — 

Correction. Corret^t half the deviation by the two level- 
ing screws and the remainder by turning the nuts at one end 
of tube. 

The level tube and telescope are now in parallel planes. 
To make sure that they are parallel to each other — 

Test. Bring bubble to center of tube and rotate telescope 
above 20° in its F’s, and the bubble should remain centered. 
If it does not — 

Correction. Bring it to the center by adjusting lateral 
motion screws at the side of level tube. 

The axis of bubble tube should be perpendicular to the 
vertical axis of the instrument. 

Test. Level the instrument as closely as possible over 
both pairs of leveling screws, then exactly over one pair. 
Turn the instrument 180° in azimuth. The bubble should 
remain centered. If it does not — 

Correction. Bring it half way back by the two level 
screws, and the remainder by the large nuts at end of level 
bar. 

The Dumpy Level 

The axis of the bubble tube should be perpendicular to the 
vertical axis of instrument. 

The test and the correction are the same as for the plate 
level adjustment of the transit. 

The line of sight should be parallel to the level tube : 

The test for this adjustment is the same as the ^'peg 
method for level under the telescope of transit^. 

The correction j however, is made by adjusting the cross- 
hair ring. 

138. Distances on Slopes 

All distances on a survey are to be measured horizontally. 
In some cases it is more convenient to make measurements 
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on the slope and compute the correct horizontal distances. 
The following formula is sufficiently accurate for such 
computations. 

Let r = distance measured on slope; 
y = difference of elevation; 

X = true horizontal distance. 

When y is small in comparison with r or x. 


y2 

r — X — ^ (approx.). 

JiX 


Proof. From Fig. 68, = y^^ 


Factoring, 
and solving, 

Hence 


(r -\- x){r — x) = y‘^\ 


y2 


r — X 


r X 
'ip 

^ (approx.). 


(75) 



X 

Fig. 68. 


Thus, for a 4 per cent grade; r x — (4)V200 = 0.08, 
which means that a distance of 100.08 ft. on the slope is 
equivalent to 100.00 ft. horizontally. 

The table shown on page 216 is useful. 

139. Stadia Measurements 

The stadia method of surveying is particularly advantage- 
ous in obtaining data for topographic maps of an area 
embracing sites for bridges, railroad crossing eliminations, 
etc. 

The telescope of the transit is usually furnished with two 
horizontal stadia hairs in addition to the regular cross hairs. 

Taking stadia measurements consists of observing through 
the telescope the apparent interval between the two stadia 
hairs on a vertical rod held at a distant point, the rod being 
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Distances on Slopes 


Per cent 
grade 

Vertical 

angle 

Slope distance 
per 100 ft. 
horizontal 

Horizontal 
distance per 
100 ft. slope 

1.0 

0° 35' 

100.00 

99.99 

1.5 

0° 52' 

100.01 

99.99 

2.0 

1° 09' 

100.02 

99.98 

2.5 

r 26' 

100 03 

99.97 

3.0 

V 43' 

100.04 

99 . 9(> 

3.5 

2 ° 00 ' 

100.06 

99.94 

4.0 

2 ° 18' 

100.08 

99.92 

4.5 

2° 35' 

100.10 

99.90 

5.0 

2° 52' 

100.13 

99.87 

5.5 

3° 09' 

100.15 

99.85 

6.0 

3° 26' 

100.18 

99.82 

6.5 

3° 43' 

100.21 

99.79 

7.0 

4° 00 ' 

100.24 

99.76 

7.5 

40 57 / 

100.28 

99.72 

8.0 

4° 35' 

100.32 

99.68 

8.5 

4'* 52' 

1 100 . 36 

99.64 

9.0 

5° 09' 

1 100.41 

99.60 

9.5 

5° 26' 

100.45 

99.55 

10.0 

5'" 43' 

100.50 

99.50 

10.5 

00 ' 

100.55 

99.45 

11.0 

6 ° 17' 

100.60 

99.40 

11.5 

6 ° 34' 

100.66 

99.34 

12.0 

6 “ 51' 

100.72 

99.29 


graduated in feet and tenths. The interval thus deter- 
mined, called the stadia reading^ is directly proportional 
to the distance from the instrument. Thus, the distance 
from the instrument to any given point is determined by 
observing the stadia interval on the rod held at the given 
point. 

The horizontal distance (D) from the center of the 
instrument to the rod is 


D *= Ks A- if At c) 


(76) 
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in which / is a constant for a given instrument ; c is distance 
from vertical axis of instrument to the objective (slightly 
variable, but for practical purposes may be considered 
constant); K f/ij where i is the distance between stadia 
hairs ; and s is the interval on the rod apparently intercepted 
by the stadia hairs. 

The value of (/ -f c) is determined by the manufacturer 
and placed on the inside of the instrument box. Usually 
(/ -h c) is taken to be 1 ft. 



The nominal value of the stadia interval factor K f/i) 
is usually 100. This interval factor may be determined 
in the field, thus: Set up the transit where a horizontal 
sight can be obtained, and with a tape, lay off from a point 
(/ 4- c) ft. in front of the instrument, distances of 100 ft., 
200 ft., etc., then a rod is held at these points in turn. For 
each point, divide the distance from the principal focus 
(/ + c) by the stadia interval read on the rod. The results 
should consistently give the factor K, 
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Inclined Sights. In Fig. 69, AB ref)resents the stadia 
interval (s) on the vertical rod. The horizontal component 
(H) of the inclined distance (Di) is 

H = Ks cos^ oi -r (f -Y c) cos a, (77) 

which is the general expression for finding the horizontal 
distance from center of instrument to rod, when the line 
of sight is inclined. 

The vertical component ( V) of the inclined distance (Dt) is 
V == Ks cos a sin a + (/ + c) sin a. (78) 

Table 24 gives for each 02' of vertical angle up to 30° 
the horizontal distances and differences in elevation for 
Ks = 100 ft. 

For any other value of Ks, the tabular values are multi- 
plied by the value in hundreds of feet. Table 24 also gives 
the horizontal distances and differences in elevation for 
several values of (/ + c) — indicated as c in table. 

A rapid and convenient means of calculating horizontal 
distances and differences in elevation is to use a stadia 
slide rule of which there are several patterns. 

Permissible Approximations. Owing to unequal refrac- 
tion and accidental inclination of the rod, observed stadia 
intervals are, in general, slightly too large. To offset the 
systematic errors from these sources the (/ + c) constant 
is generally neglected except on surveys of more than 
ordinary precision. 

Hence, ordinarily for consistent precision Eqs. (77) and 
(78) may properly be reduced to the forms 

H = Ks cos^ a; (79) 

and V = iKs sin 2a. (80) 

Differences in elevation obtained by Eq. (80) will be 
correct to the nearest 0.1 ft. for angles less than 25°. 

Use of the Stadia. In all transit surveys where a high 
precision is not required, the stadia method is very rapid 
and convenient. This applies both to plane and topo- 
graphic surveying. When the plane table is used, stadia 
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observations are made with the telescope alidade in the 
same manner as with the transit, but calculations of hori- 
zontal distance and differences in elevation are made in the 
field and are immediately plotted instead of being recorded 
in the form of notes. 

For certain reconnaissance or preliminary surveys, rough 
surveys for the location of boundaries, and detailed surveys 
for maps, where only the horizontal position of objects and 
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lines is desired, the transit-stadia method is sufficiently 
accurate and more rapid than corresponding surveys with 
the transit and tape. 

In topographic surveying, the field procedure of locating 
points consists of observing directions, usually by azimuths, 
distances by stadia, and differences in elevation by the 
vertical angle. This method may be employed merely 
for the collection of details, the horizontal and vertical 
contrjol being established by other means, or it may be 
Utilized for establishing control as well as details. 
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Figure 70 is a page of notes showing observations taken 
from station C of a traverse, the elevation of the station 
having been previously determined as 423.9. The H.I. is 
4.4 ft. The transit is oriented by sighting to Bj the azimuth 
of the line CB being set off on the horizontal circle prior 
to taking the sight. 

In measuring vertical angles it is customary, when 
practicable, to sight at a rod reading equal to the height 
of instrument above the station over which the transit 
is set. 


Determination of the True Meridian 

140. Direct Solar Observation 

The determination of the true azimuth of a line by a 
direct solar observation requires two field measurements; 
namely, the true altitude of the sun and the horizontal 
angle between the sun and the line, both being determined 
simultaneously at a known instant of time. 

By spherical trigonometry the following equation may 
be derived for the PZS triangle shown in Fig. 71. 

cos Z — — — 7 — tan h tan </>, (81) 

cos h cos <j) 

in which Z — true azimuth of the sun measured from the 
north either east or west as the case may be; 
0 = latitude of the observer, which may be easily 
obtained to the nearest 30" from a reliable 
map of the given territory; 
d = declination of the sun at the instant of 
observation; obtained from a table (similar 
to Table A) given in the American Ephemeris 
and Nautical Almanac published each year 
by the Government Printing Office ; 
h == true altitude of the sun at the instant of 
observation. 

Having obtained the true azimuth of the sun by Eq. (81) 
it may be combined with the measured horizontal angle 
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between the given line and the sun so as to obtain the true 
azimuth of the line. 

The observed altitude of the sun as obtained in the field 
is not the true altitude. However, the true altitude may 
be obtained by correcting the observed altitude for two 
effects, one called parallax and the other called refraction. 
The parallax correction is that part of the total correction 
that reduces the observed altitude determined at the earth’s 
surface to that value which would be obtained referred 



to the earth’s center. The parallax correction is always 
added to the observed altitude to obtain the true altitude. 
The refraction correction is due to the bending of light 
waves in passing through a medium of varying density. 
Light waves from outside the earth are always bent down- 
ward, thus making a body appear higher than it actually is. 
Thus the refraction correction is always subtracted from the 
observed altitude. For the sun, the parallax and refraction 
corrections have been combined and recorded in Table B. 
It should be noted that the resultant correction given in 
Table B should be subtracted from the observed altitude. 
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To avoid uncertainty as to the value of the refraction 
correction at low altitudes and also to eliminate the low 
precision of Eq. (81) for high altitudes the best results 
are obtained by making a solar observation between the 
hours of 8 to 10 a.m. and 2 to 4 p.m. 

Field Procedure: 

1. Set up the transit at a convenient station, P, for 
viewing the sun and establish a forward point, Q, in a line 
PQ whose azimuth is to be determined. 

2. With vernier A set at zero on the horizontal circle, 
and the reading of vernier B noted, sight along the given 
line PQ with the telescope in the direct or normal position. 
The lower motion is then clamped. Loosen the upper 
motion and take a sight at the sun so as to bring the vertical 
and horizontal cross hairs tangent to the edges (or limbs) 
of the sun’s disc. If the observation is made in the morning 
the sun is brought to tangency in the upper left-hand 
quadrant of the field of view; or in the upper right-hand 
quadrant if the observation is in the afternoon. At the 
instant of tangency the time is observed. As quickly as 
convenient take the vertical and horizontal circle readings 
for all the verniers. Then loosen the upper motion and 
plunge the telescope. A second sight is then taken on the 
sun, this time with the sun in the diagonally opposite 
quadrant from that used for the first sight. Note again 
the time of tangency and read the vertical and horizontal 
circles as before. 

3. Loosen the upper motion and complete the field work 
by sighting along the line PQ and reading the verniers of 
the horizontal circle. 

4. The mean of the two observed altitudes is taken to be 
the altitude of the sun’s center at the mean of the two 
observed times. Similarly the mean of the two horizontal 
angles is taken as the horizontal angle to the sun’s center 
at the mean of the observed times. Any error of the watch 
should be noted. 

If the transit is not equipped with a colored eyepiece 
the position of the sun may be determined by focusing the 
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sun’s image on a card held a short distance in the rear 
of the eyepiece. 

For a morning observation the horizontal cross hair is 
first sighted a short distance above the sun’s lower edge. 
Then at the same time that the horizontal cross hair is 
approaching tangency due to the sun’s motion the vertical 
cross hair is kept continuously on the sun’s western edge 
or limb by means of the ui)per motion tangent screw. For 
the second observation, in tlie lower riglit hand cpiadrant, 
the vertical cross hair is set a short distance to the right 
of the sun’s eastern limb. The vertical cross hair will 
then a])proacli tangency due to the sun’s motion while 
the horizontal cross hair is kept tangent by the vertical 


Table A {Amcricaa Ephemcris, 1930, p. 10) 
Sun 1936 

For 0^ Greenwich Civil Time 


Date 

Day of 
week 

Apparent 

declination 

Diff. (sec.) 

Aug. 1 

Sa. 

+ 18° 07' 52.5" 

907.1 

2 

Su. 

17 52 45.4 

924.6 

3 

Mo. 

17 37 20 8 

941.7 

4 

Tu. 

17 21 39.1 

958.7 

5 

We. 

17 05 40.4 

975.3 

6 

Th. 

16 49 25.1 

991 .7 

7 

Fr. 

16 32 53.4 

1007.9 

8 

Sa. 

16 16 05.5 

1023.6 

9 

Su. 

15 59 01.9 

1039.2 

10 

Mo. 

15 41 42.7 
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Table B. — -Correction for Parallax and Refraction to Be 
Subtracted from the Observicd Altitude op the Sun 
For Polaris Observations add 0.2' for altitudes to 15®, inclu- 
sive; and 0.1' for altitudes to 70®, inclusive. 

To be used when making latitude observations and deter- 
minations of time. 
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circle tangent screw. This procedure is such that the final 
setting for either observation is accomplished by the move- 
ment of only one tangent screw. 

Example. Azimuth by Direct Solar Observation. 

Chapel Hill, N. C., Aug. 6, 1936 
Lat. of observer = 35° 54.6' 

Temperature = 30 deg. C. 


Direction 

Object 

Watch 

time 

(E.S.T.) 

Vertical 

Horizontal circle 

of turn 

sighted 

circle 

Ver. A 

Ver. B 


Sta. Q 



o 

o 

O 

o 

180° 00' 

Counter- 

9** S'" 40“ 

43° 27.0' 

144° 35' 

324° 35' 

clockwise 

\o 

Sta. Q- 

gh go. 20 » 

43° 32.0' 

323° 33' 
179° 59' 

143° 33' 
359° 59' 


Mean 9** 7“ OO 43° 29.5' 144° 04.5' 

Watch time of observation = 9*^ 7“ 0« (E.S.T.) 

Watch correction (slow) = 3“ 0" 

Time of observation (75th 

(meridian) = 9*" 10*" 0" (E.S.T.) 

Correction for 75° Ix)ng. = 5ii 0“ 0" 

Time of observation — 14^ 10™ 0« (G.C.T.) = 14.167 hr. 

From Table A, 

5 at Oh G.C.T. = -bl6° 49' 25.1" 

Change = X 991.7" 0° 09' 45.0" 

5 at instant of observation = -f 16° 39' 40.1" 
Observed h ~ 43° 29.5' 

Corr. for parallax and refraction (see Table B) == 0°01.0' 

True altitude = 43° 28.5' 

Hence, h = 43° 28.5' sin d = 0.28671 

<i> = 35° 54.6' cos h - 0.72567 

5 = 16° 39' 40" cos <l> = 0.80994 

tan h == 0.94819 
tan </> — 0.72414 
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rr Sin 5 j , X 

COS Z ~ j — tan h tan <h (75) 

cos h cos 0 ^ 

0.72567 >ro.80994 “ X 0.72414 

= -0.19881. 

Then Z = (180° — 78° 32.0') = Azimuth of sun east of north. 
Hence, azimuth of PQ = 144° 04.5' -- 78° 32.0' 

= 65° 32.5' (from the south) 

141. Observations on Polaris at Elongation 

As a result of the rotation of the earth about its axis, 
Polaris, like other stars, appears to move in a circle about 

NoixvNiwino Hadjn xv 



CASSIOPEIA i If 

^ A * 

AT LOWER CULMINATION 
Fig. 72. 

the pole of the heavens. It is said to be at culmination 
when it is in the vertical plane defined by the observer 
and the pole (upper culmination when it is above the pole) 
and at elongation when it reaches its extreme easterly and 
westerly positions with respect to the pole. At culmination 
its apparent motion is nearly horizontal, from east to west 
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at upper culmination and from west to east at lower culmina- 
tion. At elongation its apparent motion is nearly vertical, 
upward at eastern elongation and downward at western 
elongation. 

The azimuth of Polaris is the angle at the observing 
station between the vertical plane through the pole and the 
one through the star. For the short time before and after 
elongation there is practically no change in the azimuth 
of Polaris, and that time is usually selected for observing 
it for the purx)ose of determining the true meridian. 

Observations of Polaris at Elongation 

With a surveyor\s transit the true meridian may be deter- 
mined by observing Polaris at elongation as follows: 

For observing, select a station which affords a good view of 
the northern sky and with the ground clear for at least 
100 yards to the north. 

If the station is to be used for determining the magnetic 
declination, care should be taken to have it well removed 
from electric car lines, buildings, and other possible sources 
of disturbance. If a meridian line is to be established for 
future use, the ends should be placed so that they may be 
protected from disturbance. 

About 30 minutes before the time of elongation of Polaris, 
derived from Table C, set up the transit with its vertical axis 
exactly over the station mark and carefully level the instru- 
ment. It is essential that the transverse axis of the tele- 
scope be horizontal. This should be tested in the daytime 
by pointing on the vertical edge of a house and noting 
whether the vertical cross wire continues to coincide with 
the edge of the house as the telescope is turned in altitude. 

Illuminate the cross wires by means of a pocket flashlight 
directed obliquely into the object end of the telescope by 
an assistant. 

Point the telescope at the star and clamp the horizontal 
circle. Keep the star covered by the vertical cross wire by 
means of the tangent screw of the vernier plate, until a point 
is reached where it appears to move up or down along the 
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wire without moving away from it, thus indicating that 
elongation has been reached. 

Depress the telescope to the horizontal position; about 
100 yards north of the instrument drive a stake and mark a 
point on its top exactly coincident with the vertical wire of 
the telescope. This will require a second assistant and light. 
Turn the vernier plate 180*^ and again set the vertical wire 
on the star, clamp the horizontal circle, depress the telescope, 
and mark another point on the stake. The point midway 
between the two marks, with the point under the irstru- 
ment, will define on the ground the vertical plane through 
Polaris at its eastern or western elongation, as the case 
may be. 

Near elongation the azimuth of the star changes very 
slowly, not more than 0.1' in the 10 minutes before or after 
elongation in the United States, so that there is plenty of 
time to make the second pointing after reversal, if there is 
no unnec'essary delay. 

By daylight lay off the proper angle taken from Table D 
to the east for western elongation and to the west for eastern 
elongation, and place a suitable marker to mark the north 
end of the meridian line of which the station marker will 
be the south end. The angle should be measured both 
before and after reversal, as in the case of the star. 

For any year after 1935, the values given by Tables C and D 
may be found in The American Ephemeris or (in a condensed 
form) in the K. and E. Solar Ephemeris. 
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Table C. — Polarib for the Meridian of Greenwich 
Latitude 40°N. 

Civil Date and Civil Time 


1935 

Ea.st 

elongation 

Upper 

culmination 

West 

elongation 

Lower 

culmination 



h 

m 


h 

m 


h 

m 


h 

m 


•Jan. 

1 

1 

02 

.4 

r.M. 

6 

57 

.9 

P.M. 

0 

67 

.3 

A.M. 

6 

59 

.9 

A.M. 


16 

0 

07 

. 1 

P.M. 

6 

02 

.6 

P.M. 

11 

58 

. 1 

P.M. 

6 

04 

.5 

A.M. 

Feb. 

1 

11 

00 

0 

A.M. 

4 

55 

6 

P.M. 

10 

51 

.0 

P.M. 

4 

67 

.4 

A.M. 


15 

10 

04 

7 

A.M. 

4 

00 

2 

P.M. 

9 

65 

.7 

P.M, 

4 

02 

. 1 

A.M. 

Mar. 

1 

9 

09 

.6 

A.M. 

3 

04 

9 

P.M. 

9 

00 

.4 

P.M. 

3 

06 

.8 

A.M. 


15 

8 

14 

2 

A.M. 

2 

09 

.7 

P.M. 

8 

05 

2 

P.M. 

2 

11 

,6 

A.M. 

April 

1 

7 

07 

3 

A.M. 

1 

02 

8 

P.M. 

6 

58 

.3 

P.M. 

1 

04 

7 

A.M. 

15 

6 

12 

2 

A.M. 

0 

07 

,7 

P.M. 

6 

03 

2 

P.M, 

0 

09 

.6 

A.M. 

May 

1 

5 

09 

.4 

A.M. 

11 

04 

.9 

A.M. 

6 

00 

.4 

P.M. 

11 

02 

9 

P.M. 

15 

4 

14 

,4 

A.M. 

10 

09 

9 

A.M. 

4 

05 

4 

P.M. 

10 

07 

9 

P.M. 

.Tune 

1 

3 

07 

9 

A.M. 

9 

03 

4 

A.M. 

2 

58 

9 

P.M. 

9 

01 

4 

P.M. 


15 

2 

13 

, 1 

A.M. 

8 

08 

6 

A.M. 

2 

04 

1 

P.M. 

8 

06, 

6 

P.M. 

.luly 

1 

I 1 

10 

4 

A.M. 

7 

05 

9 

A.M. 

1 

01 . 

4 

P.M, 

7 

03. 

9 

P.M. 


15 

0 

15 

7 

A.M. 

6 

11 . 

2 

A.M. 

0 

06 

,7 

P.M. 

0 

09. 

2 

P.M. 

Aug. 

1 

11 

05 

3 

P.M. 

5 

04. 

7 

A.M. 

11 

00 

2 

A.M. 

5. 

02. 

7 

P.M. 


15 

10 

10 

5 

P.M. 

4 

09 . 

9 

A.M. 

10 

06 

3 

A.M. 

4 

07. 

9 

P.M. 

Sept. 

1 

9 

04 

0 

P.M. 

3 

03. 

4 

A.M. 

8 

58 

9 

A.M. 

3 

01 . 

4 

P.M. 

15 

8 

09. 

1 

P.M. 

2 

08. 

5 

A.M. 

8 

04. 

0 

A.M. 

2 

06 

6 

P.M. 

Oct. 

1 

7 

06. 

4 

P.M. 

1 

06. 

8 

A.M. 

7 

01. 

3 

A.M. 

1 

03. 

8 

P.M. 


15 

6 

11 

5 

P.M. 

0 

10 

9 

A.M. 

6 

06. 

4 

A.M. 

0 

08. 

9 

P.M. 

Nov. 

1 

5 

04 

6 

P.M. 

11 

00 

1 

P.M. 

4 

59. 

5 

A.M. 

11 

02. 

0 

A.M. 


15 

4 

09 

5 

P.M. 

10 

05. 

0 

P.M. 

4 

04 

4 

A.M. 

10 

06. 

9 

A.M. 

Dec. 

1 

3 

06. 

6 

P.M. 

9 

02. 

0 

P.M. 

3 

01 . 

4 

A.M, 

9 

03. 

9 

A.M. 


15 

2 

11. 

3 

P.M. 

8 

06. 

8 

P.M. 

2 

06. 

2 

A.M. 

8 

08. 

7 

A.M. 


Decrease per day, 3.92 m. 

In order to make ordinary latitude observations it is sufficient to know the 
time of culmination of Polaris with an accuracy of five minutes. 


Corrections to Times of Elongation for Different 
Latitudes 


Latitude 

10® 

15® 

20® 

25® 

30® 

35® 

o 

0 

46® 

60® 

West 

m 

m 

m 

m 

in 

m 

m 

m 

m 

Elongation 

East 

+ 2.8 

+ 2.4 

+ 2.0 

+ 1.6| 

+ 1.1 

+0.6j 

0.0 

-0.7 

-1.4 

Elongation 

-2 8 

-2.4 

-2.0 

-1.6 

-1.1 

-0.6; 

0.0 

+ 0.7 

+ 1.4 


To refer to any other longitude, add 0.16 m. for each 16® east of the 
meridian of Greenwich aad auhtract 0.16 m. for each 15® west of the meridian 
of Greenwich. 
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Table D. — Azimuth of Polaris at Elongation, 

Year 1935 


Decl.|88° 67/17 1 88° 67.'60| 88° 57/83 


Peel. 88*^ 5^.'l7 |88° 57?50 188° 57?^ 
Lat. Azimuth at elongation 


Lat. 


Azimuth at elongation 


0 

o 


■EM 

■■■■■ 


/ 

0 

O 

/ 

) ^ 

r 

O 

/ 

5 

1 

03.1 

1 

02.7 

1 

02 4 

38 

1 

19.7 

1 

19.3 

1 

18.9 

6 

1 


1 

02.8 

1 

02.5 

39 

1 

20.9 


20.4 

J 

0.0 

7 

1 

03.3 

1 

03.0 

1 

02.6 

40 

1 

22.0 


21.6 

1 

. .2 

8 

1 


1 


1 


41 

1 

23.3 


22.8 

1 

22.4 

9 

1 

03.6 

1 

03.3 

1 

02.9 

42 

1 

24.6 


24.1 

1 

23.7 

10 

1 

03.8 

1 


1 

03.1 

43 1 

1 

25.9 


25.6 

1 

25.0 

11 

1 

04.0 

1 

03.7 

1 

03.3 

44 

1 

27.4 


26.9 

1 

26.4 

12 j 

1 

04.2 

1 


1 

03.6 

46 

1 

28.9 


28 4 

1 

27.9 

13 ‘ 

1 

04.5 

1 

04.1 

1 

03.8 

46 

1 

30.5 


30.0 

1 

29 . 

14 

1 

EIKa 

1 

04.4 

1 

04.1 

47 

1 

32 . 1 


31 0 

' 

31 

15 

1 

05.1 

1 

04.7 

1 

04.4 

48 

1 

33.9 


33 4 

1 

32 . 9 

If) 

1 

05.4 

1 


1 

04.7 

49 

1 

35 . 8 


35 3 

1 

34.8 

17 

1 

05.7 

1 

05.4 

1 

05.0 

60 

1 

37.8 


37.2 

1 

36 . 7 

18 

1 

06.1 

1 


1 

05.4 

61 

1 

39 . 9 


39 . 3 

1 

38 8 

19 

1 

06.5 

1 


1 

05.7 

52 

1 

42.1 


41.5 

1 

41 0 

20 

1 

06.9 

1 

06.5 

1 

06 . 2 

53 

1 

44.4 


43 . 9 

1 

43 . 3 

21 

1 

07.3 

1 

06.9 

1 

06.6 

54 

1 

46 . 9 


46 3 

1 

45 8 

22 

1 

07.8 

1 

07.4 

1 

07 0 

55 

1 

49 . 6 


49 0 

1 

48 4 

23 

1 

08.3 

1 

07.9 

1 

07.5 

66 

1 

62.4 


51 .8 

1 

61.2 

24 


08.8 

1 


1 

08. 1 

67 

1 

65.4 


54 8 

1 

54.2 

25 

1 

09.3 

1 


1 

08.6 

68 

1 

58.6 


58.0 

1 

57.3 

26 

1 

09.9 

1 

09.6 

1 

09 2 

i 69 

2 

02 0 


01 4 

2 

00.7 

27 

3 

10.5 

1 

10.1 

1 

09.8 

60 

2 

05.7 


05.0 

2 

04.4 

28 

1 

11.2 

1 

10.8 

1 

wnmm 

61 

2 

09 6 


08.9 

2 

08.3 

29 

1 

11.8 

1 1 

11 5 

1 1 

11.1 

62 

2 

13.9 

2 

13.2 

2 

12 4 

30 

1 

12.6 

1 1 

12.2 

1 

11 8 

63 

2 

18.4 

2 

17.7 

2 

17,0 

31 

1 

13.3 

1 

12.9 

1 

12.6 

64 

2 

23 4 

2 

22.6 

2 

21.8 

32 

1 

14.1 

1 

13.7 

1 

13.3 

65 

2 

28.7 

2 

27.9 

2 

27.1 

33 

3 

14.9 

1 

14.6 

1 

14.1 

66 

2 

34.5 

2 

33.7 

2 

32 9 

34 

1 

16.8 

1 

16.4 

1 

16.0 

67 

2 

40.9 

2 

40.0 

2 

39.2 

35 

1 

16.7 

1 

16.3 

1 

16.9 

68 

2 

47.8 

2 

46.9 

2 

46.0 

36 

1 

17.6 

1 

17.3 

1 

16.8 

69 

2 

66.4 

2 

64.6 

2 

63.6 

37 

1 

18.7 

1 

18.3 

1 

17.8 

70 

3 

03.8 

3 

02.8 

3 

01.8 


The above table has been computed by the K. and E. Company, and has 
been extended to cover all latitudes of the North American Continent. Tr 
obtain the azimuth at any other declination compute 


Sine of azimuth 


sine of polar distance 


cosine of latitude 
Polar distance = 90® — declination. 


Table of Declination of Polaris 

Annual Change -f-0.34' 



— s — 

88 67.67 

July 1 

— S 7 

88 57.17 

16 

88 57 70 

15 

88 57.18 

Feb. 1 

88 67.70 


88 57.21 

16 

88 67.68 

16 

88 67.26 

Mar. 1 

88 67.63 

Sept. 1 

88 67.32 

16 

88 67.68 

16 

88 57.39 
88 67.48 

Apr. 1 

88 67.60 

Oct. 1 

16 

88 67.42 

16 

88 67.67 

May 1 

88 67.34 

Nov. 1 

88 57.68 

16 

88 67.28 

16 

88 57.77 

June 1 

88 67.22 

Dec. 1 

88 67.86 

16 

88 67.19 

16 

88 67.92 
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Table 1. — Functions of Circular Curves 


Radii, tangents, externals, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1° curve 


A 

R 

T 

E 

L . C. 

M. Ord. 

T 

E 

A 

r 00' 

5,729.58 

50.001 

0.218 

99.999 

0.218 

60.00 

0.22 

r 00 ' 

10 

4,911.07 

.002 

.255 

.998 

.254 

58.34 

.30 

10 

20 

4,297.18 

.002 

.291 

.998 

.291 

66.67 

.39 

20 

30 

3,819.71 

.003 

.327 

.997 

.327 

75.01 

.49 

30 

40 

3,437.75 

.004 

.364 

.996 

.363 

83.34 

.61 

40 

50 

3,125.22 

.004 

.400 

.996 

.400 

91.68 

.73 

50 

2° 00 

2,864.79 

.005 

.436 

.995 

.436 

100.01 

.87 

2° 00 

10 

2,644 42 

.006 

.473 

.994 

.472 

108.35 

1.02 

10 

20 

2,455.53 

.007 

.609 

.993 

.509 

116.68 

1.19 

20 

30 

2,291.83 

.008 

.545 

.992 

.545 

125.02 

1.36 

30 

40 

2,148.59 

.009 

.582 

.991 

.582 

133.36 

1.56 

40 

50 

2,022.20 

.010 

.618 

.990 

.618 

141.70 

1.75 

50 

3° 00 

1,909 86 

.011 

.654 

.989 

.654 

150.04 

1.96 

3*^00 

10 

1,809.34 

.013 

.691 

.987 

.691 

158.38 

2.19 

10 

20 

1,718.87 

.014 

.727 

.986 

.727 

166.72 

2.43 

20 

30 

1,637.02 

.016 

.764 

.984 

.763 

175.06 

2.67 

30 

40 

1,562 61 

.017 

.800 

.983 

.800 

183.40 

2.93 

40 

50 

1,494.67 

.019 

.837 

.981 

.836 

191.74 

3.21 

50 

o 

o 

1,432 39 

.020 

.873 

.980 

.873 

200.08 

3.49 

4° 00 

10 

1,375 10 

.022 

.910 

.978 

.909 

208.43 

3.79 

10 

20 

1,322.21 

.024 

.946 

.976 

.945 

216.77 

4.10 

20 

30 

1,273.24 

.026 

.982 

.974 

.982 

225.12 

4.42 

30 

40 

1,227.77 

.028 

1.019 

.972 

1.018 

233.47 

4.76 

40 

50 

1,185.43 

.030 

.055 

.970 

.054 

241.81 

5.10 

50 

5“ 00 ! 

1,145.92 

.032 

.092 

.968 

.091 

250.16 

5.46 

6‘’00 

10 

1,108.95 

.034 

.128 

.966 

.127 

258.51 

5.83 

10 

20 

1,074.30 

.036 

.165 

.964 

.163 

266.86 

6.21 

20 

30 

1,041.74 

.038 

.201 

.961 

.200 

275.21 

6.61 

30 

40 

1,011.10 

.041 

.237 

.959 

.236 

283.57 

7.01 

40 

50 

982.21 

.043 

.274 

.957 

.273 

291.92! 

1 

7.43 

50 

6“ 00 

954.93 

.046 

.310 

.954 

.310 

300.28 

7.86 

O'* 00 

10 

929.12 

048 

.347 

.952 

.346 

308.64 

8.31 

10 

20 

904.67 

.051 

.383 

.949 

.382 

316.99 

8.76 

20 

30 

881.47 

.054 

.420 

.946 

.418 

325.35 

9.^3 

30 

40 

859.44 

.056, 

.456 

.943 

.454 

333.71 

9.71 

40 

50 

838.47 

.059 

.493 

.941 

.490 

1 342.08 

10.20 

50 
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Table 1. — Functions of Cibculab Cubves — {Cmtimied) 


Radii, tangents, externals, long chords and middle 
ordinates for the unit circular curve of length 

100 feet 

Tangents and externals 
for a 1® curve 

A 

R 

T 

E 

L. C. 

M. Ord. 

T 

E 

A 

00' 

440.74 

50.216 

2.860 

99.786 

2.833 

652 81 

37 07 

13® 00 

10 

435 . 16 

.221 

.888 

.780 

.869 

661 25 

38 03 

10 

20 

429 72 

.227 

925 

.774 

.900 

669.70 

39.01 

20 

30 

424.41 

.232 

.962 

.768 

.942 

678.15 

39 99 

30 

40 

419.24 

.238 

.999 

.763 

.978 

686 . 60 

40.99 

40 

50 

414.19 

.244 

3.030 

.757 

3.014 

695.06 

42 00 

50 

1“ 00 

409.26 

.250 

074 

.751 

.050 

703.51 

43.03 

14® 00 

10 

404.44 

.256 

.111 

.745 

.087 

711.97 

44 07 

10 

20 

399.74 

.262 

148 

.739 

.123 

720,44 

45.12 

20 

30 

395 14 

.269 

.185 

.733 

.159 

728.90 

46.18 

30 

40 

390.66 

.275 

.222 

.727 

.195 

737 37 

47.25 

40 

60 

386 26 

.281 

.259 

.721 

.232 

745.85 

48.34 

50 

i^OO 

381 97 

.288 

.296 

.715 

.268 

754 32 

49.44 

15® 00 
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Table 1. — Functions op Circular Curves — (Continiied) 


Hadii, tangents, externals, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1® curve 
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Table 1. — Functions of Circular Curves — (Continued) 
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Table 1 . — Functions? ok Circular Curves — (Continu 


Radii, tangentfi, externals, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1° curve 


A 

R 

T 

E 

L. C. 

M. Ord. 

r 

E 

A 

sr 00' 

184.82 

51 256 

6.976 

98.785 

6 722 

1,589 0 

216.3 

31" 00' 

10 

183.84 

.271 

7.010 

.772 

.758 

1,598.0 

218.7 

10 

20 

182.86 

.284 

.055 

758 

793 

1,606.9 

221 1 

20 

30 

181 89 

.299 

.095 

745 

.829 

1,615 9 

223.5 

30 

40 

180 93 

.313 

.135 

.732 

.865 

1,624.9 

226.0 

40 

50 

179 99 

.327 

.175 

.719 

.900 

1,6.33.9 

228 4 

60 

O 

o 

179.05 

.342 

.215 

.705 

.936 

1,643.0 

230.9 

32" 00 

10 

178.12 

.356 

.256 

.692 

.972 

1,662.0 

233.4 

10 

20 

177.20 

.371 

.206 

.678 

7 007 

1,661.0 

235.9 

20 

30 

176.29 

.385 

.336 

.664 

.043 

1,670.0 

238.4 

30 

40 

175.40 

.400 

.376 

.651 

.079 

1,679.1 

241 0 

40 

50 

174.50 

.415 

.417 

.637 

.114 

1,688.1 

243 5 

50 

33“ 00 

173.62 

.430 

.457 

.624 

.150 

1,697.2 

246 1 

33" 00 

10 

172.75 

.445 

.497 

.610 

.185 

1,706.3 

248.7 

10 

20 

171.89 

.460 

.538 

.595 

.221 

1,715.3 

251.3 

20 

30 

171.03 

.475 

.578 

.581 

.257 

1,724.4 

253.9 

30 

40 

170.18 

.490 

.619 

.567 

.292 

1,733.6 

256.5 

40 

50 

169.35 

.505 

.659 

.653 

.328 

1,742.6 

259.1 

50 

34" 00 

168.52 

.521 

.700 

.539 

.363 

1,751.7 

261.8 

34" 00 

10 

167.70 

.536 

.740 

.525 

.399 

1,760.8 

264.5 

10 

20 

166.88 

.552 

.781 

.511 

.434 

1,770.0 

267.2 

20 

30 

166.07 

.668 

.822 

.496 

.470 

1,779.1 

269 9 

30 

40 

165.28 

.583 

.863 

.482 

.605 

1,788.2 

272.6 

40 

50 

164.48 

.599 

.904 

468 

.541 

1,797.4 

275.3 

60 

35" 00 

163.70 

.615 

.044 

.454 

.676 

1,806.6 

278.1 

36" 00 

10 

162.03 

.631 

.085 

.430 

.612 

1,815.7 

280.8 

10 

20 

162.16 

.647 

8.026 

.424 

.647 

1,824.9 

283.6 

20 

30 

161.40 

.664 

,067 

.409 

.683 

1,834.1 

286.4 

30 

40 

160.64 

.680 

.108 

.394 

.718 

1,843.3 

289.2 

40 

50 

150.00 

.606 

.149 

.378 

.754 

1,852.6 

292.0 

60 

36" 00 

150.15 

.713 

,190 

.363 

.790 

1,861.7 

294.9 

36" 00 

10 

158 42 

.720 

.232 

.348 

.825 

1,870.9 

297.7 

10 

20 

167.69 

.746 

.274 

.333 

.861 

1,880.1 

300.6 

20 

30 

156.97 

.762 

.315 

.317 

.896 

1,889.4 

303.5 

30 

40 * 

156.26 

.779 

.356 

.302 

.931 

1,898.6 

306.4 

40 

60 

155.55 

1 .706 


.287 

.967 

1,907.9 

309.3 

50 
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Table 1. — Functions of Circular Curves — {Continued) 
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Table 1. — Functions of Circulab Curves — {Continued) 


Radii, tangents, externals, long chords and middle 
cH-dinaies for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1“ curve 


A 

R 

r 

E 

L. C. 

M. Ord. 

T 

E 

A 

43“ 00' 

133.25 

52.487 

9.965 

97.670 

9.272 

2,257.0 

428.5 

43“ 00' 

10 

132.73 

.508 

10.009 

.651 

.307 

2,266.6 

432 0 

10 

20 

132.22 

.528 

.052 

.633 

.342 

2,276.2 

435.6 

20 

30 

131.71 

.549 

.096 

.615 

.377 

2,285.9 

439.2 

30 

40 

131.21 

.670 

.139 

.597 

.412 

2,295.6 

442.8 

40 

50 

130.71 

.590 

.183 

.579 

.447 

2,305.2 

446.4 

50 

44“ 00 

130.22 

.611 

.227 

.561 

.482 

2,314.9 

460.0 

44“ 00 

10 

129.73 

.632 

.271 

.542 

.517 

2,324 6 

453.6 

10 

20 

129.24 

.654 

.314 

.523 

.552 

2.334,3 

457.3 

20 

30 

128.75 

.675 

.358 

.505 

.587 

2,344.1 

461 0 

30 

40 

128.27 

.696 

.402 

.486 

.622 

2,353.8 

464.6 

40 

50 

127,80 

.718 

.446 

.467 

.657 

2,363.5 

468 4 

50 

45“ 00 

127.32 

.739 

.490 

.448 

.692 

2,373.3 

472.1 

45“ 00 

10 

126.85 

.761 

.534 

.430 

.727 

2,383.1 

475.8 

10 

20 

126.39 

.783 

.579 

.411 

.762 

2,392.8 

479.6 

20 

30 

125 92 

.805 

.623 

.392 

.797 

2,402.6 

483.8 

30 

40 

125.46 

.827 

.668 

.373 

.832 

2,412.4 

487.2 

40 

50 

125.01 

.849 

.712 

.355 

.867 

2,422.3 

491.0 

50 

46“ 00 

124.56 

.871 

.757 

,336 

.902 

2,432.1 

494 8 

46“ 00 

10 

124.11 

.893 

.801 

.316 

.936 

2,441.9 

498.7 

10 

20 

123.66 

.916 

.846 

.297 

.971 

2,461.8 

502.5 

20 

30 

123.22 

.938 

,891 

.278 

10.006 

2,461.7 

506.4 

30 

40 

122.78 

.961 

.936 

.258 

.041 

2,471.6 

510.3 

40 

50 

122.34 

.983 

.980 

.239 

.076 

2,481.4 

514.3 

50 

47“ 00 

121.91 

53.006 

11.025 

.220 

.111 

2,491.3 

518.2 

47“ 00 

10 

121.48 

.029 

.070 

.200 

.146 

2,501.2 

522.2 

10 

20 

121.06 

.052 

.115 

.180 

.180 

2,511.2 

526.1 

20 

30 

120.62 

.075 

.161 

.160 

.215 

2,521.1 

530.1 

30 

40 

120.20 

.098 

.206 

.141 

.250 

2,631.1 

534.2 

40 

50 

119.78 

.122 

.251 

.121 

.285 

2,541.0 

538.2 

50 

48“ 00 

119.37 

.145 

.296 

.101 

.320 

2,651.0 

542.2 

48“ 00 

10 

118.95 

.169 

.342 

.081 

.354 

2,561.0 

546.3 

10 

20 

118.54 

.192 

.387 

.061 

.389 

2,571.0 

650.4 

20 

30 

118.14 

.216 

.433| 

.041 

.424 

2,581.0 

554.5 

30 

40 

117.73 

.240 

.479 

.021 

.459 

2,591.0 

558.6 

40 

60 

117.33 

.264 

.524 

.000 

.494 

2,601.1 

562.8 

50 



TABLES 


239 


Table 1. — Functions op Oirccti-ab Cuuves — (Continued) 


Radii, tangontfl, externals, long chords an i mi 1 lie 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1“ curve 


A 

1 ^ 

1 

1 ^ 

1 ® 

1 L. C. 

M. Ord. 

T 

E 

1 ^ 

49° 00' 

110 93 

53 23S 

11.570 

96 980 

1') 528 

2,611 2 

566 9 

49° 00' 

10 

116 53 

312 

.616 

.960 

.563 

2,621.2 

571 1 

10 

2o 

110.14 

.337 

.662 

.939 

.59.8 

2,631 3 

575 3 

20 

30 

115 75 

.361 

.708 

.919 

.632 

2,641 4 

579.5 

30 

40 

115 36 

.386 

.754 

.898 

.667 

2,651.5 

583 8 

40 

50 

114 97 

.410 

.800 

.878 

.701 

2,061.6 

588.0 

50 

60° 00 

114 59 

.435 

.846 

857 

.736 

2,671 8 

592.3 

50° 00 

10 

114.21 

.460 

.893 

.836 

.771 

2,681.9 

593 6 

10 

20 

113 83 

.485 

.939 

.815 

.805 

2,692.1 

600.9 j 

20 

30 

113 46 

.510 

.985 

.794 

.840 

2,702.3 

605.3 

30 

40 

113.08 

.535 

12.032 

.773 

.875 

2,712.5 

609.6 

40 

50 

112.71 

.560 

.079 

.752 

.909 

2,722.7 

614.0 

50 

61° 00 

112.34 

.686 

. 125 

.731 

.944 

2,732.9 

618.4 

51° 00 

10 

11L98 

.611 

.172 

.710 

.979 

2,743 1 

622.8 

10 

20 

111.62 

.639 

.219 

.689 

11.013 

2,753.4 

627.2 

20 

30 

111.25 

.662 

.266 

.667 

.048 

2,763.7 

631.7 

30 

40 

110.90 

.688 

.313 

.646 

.082 

2,773.9 

636.2 

40 

60 

110.54 

.714 

.360 

.625 

.117 

2,784.2 

640.7 

50 

62° 00 

110.18 

.741 

.407 

.603 

.151 

2,794 5 

645.2 

52° 00 

10 

109.83 

.767 

.454 

.581 

.186 

2,804.9 

649.7 

10 

20 

109.48 

,793 

.602 

.560 

.220 

2,815.2 

654.3 

20 

30 

109,13 

.819 

.549 

.538 

.255 

2,825.6 

658.8 

30 

40 

108.791 

.846 

.596 

.516 

.289 

2.835.9 

663.4 

40 

50 

108.45 

.872 

.644 

.494 

.324 

2,846.3 

668.0 

50 

53° 00 

108.11 

.899 

.692 

473 

.358 

2,856.7 

672.7 

53° 00 

10 

107.77 

.926 

.739 

.450 

.393 

2,867.1 

677.3 

10 

20 

107.43 

.953 

.787 

.428 

.427 

2,877.5 

682.0 

2C 

30 

107.09 

.980 

I .835 

.406 

.461 

2,888.0 

686.7 

10 

40 

106.76 

54.008 

.883 

.384 

.496 

2,898.4 

691.4 

40 

50 

106.43 

.035 

.931 

.362 

.530 

2,908.9 

696.1 

50 

54° 00 

106.10 

.062 

.979 

.340 

.565 

2,919.4 

700.9 

54° 00 

10 

105.78 

.090 

13.027 

.317 

.599 

2,929.9 

705.7 

10 

20 

105.45 

.118 

.076 

.296 

.633 

2,940.4 

710.5 

20 

30 

105.13 

.146 

.124 

.272 

.668 

2,951.0 

715 3 

30 

40 

104.81 

.173 

.173 

.250 

.702 

2,961.5 

720.1 

40 

50 

104.49 

.202 

.221 

.227 

.736 

2,972.1 

725.0 

50 
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TABLES 


Fable 1 -Functions of Circular Curves — {Continued) 


Radii, tan;^e.it;s, e\ter lals, lon^ chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1° curve 


L C. \M. Ord.\ 


55.828 15.0S4 95 344 12 997 3,375 0 

.381 .136 318 13.080 3,380 3 

.391 .189 291 .034 3,397.5 

.427 .241 268 098 3,408 8 

400 .294 .243 .132 3,420 1 | 

.493 .346 .217 .166 3,431.4 


.199 3,442 7 
233 3,454 1 
.267 3,465.4 
.301 3,476 8 
.334 3,488 3 
.368 3,499.7 


.718 .038 
.772 .012 
.825 94.986 
.879 .900 
.933 .934 
.987 .908 


.402 3,511.1 
.435 3,522 6 
.409 3,534.1 
.503 3,545.6 
.536 3,557 2 
.570 3,568.7 



.603 3,580.3 
.637 3,591 9 
.671 3,603.5 
.704 3,615.1 
.738 3,626.8 : 
.771 3,638.5 

.805 3,650.2 
.838 3,661 9 
.871 3,673.7 
.905 3,685.4 
.938 3,697.2 
.972 3,709.0 

14.005 3,720.9 
.039 3,732.7 
,072 3,744.6 
.105 3,756.5 
.139 3,768.5 
.172 3,780,4 
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Table 1. — Functions of Circular Curves — {Continued) 


Radii, tangents, externals, long chords and middle 
(vdinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1“ curve 


A 

R 

T 

E 

LC. 

M, Ord. 

T 

E 

A 

67“ 00' 

85.62 

56.602 

17.035 

94.399 

14.205 

3,792 4 

1,141.4 

67“ 00' 

10 

85 30 

.640 

.092 

.371 

.239 

3,804 4 

1,148.0 

10 

20 

85 09 

.678 

.148 

.344 

.272 

3,816,4 

1,154.7 

20 

30 

84.88 

.717 

.205 

.316 

.305 

3,828.4 

1,161.3 

30 

40 

84.67 

.755 

.262 

.289 

.338 

3,840,5 

1,168.1 

40 

60 

84.46 

.794 

.319 

.261 

.372 

3,852.6 

1,174 8 

50 

68“ 00 

84.26 

.833 

.376 

.234 

.405 

3,864 7 

1,181.6 

68“ 00 

10 

84.05 

.872 

.433 

.206 

.438 

3,876.8 

1,188.4 

10 

20 

83.85 

.911 

.490 

.178 

.471 

3,889,0 

1,195.2 

20 

30 

83 64 

.951 

.548 

.150 

.505 

3,901.2 

1,202.0 

30 

40 

83.44 

.990 

.605 

.122 

.538 

3,913.4 

1,208.9 

40 

60 

83.24 

57.030 

.663 

.095 

.571 

3,925.6 

1,215.8 

50 

69“ 00 

83.04 

.070 

.721 

.067 

.604 

3,937 9 

1,222.7 

69“ 00 

10 

82.84 

.110 

.779 

.038 

.637 

3,950 2 

1,229.7 

10 

20 

82.64 

.150 

.837 

.010 

.670 

3,962 5 

1,236.7 

20 

30 

82.44 

.191 

.895 

93.981 

.703 

3,974 8 

1,243 7 

30 

40 

82.24 

.231 

.954 

.953 

.736 

3,987.2 

1,250.8 

40 

60 

82.06 

.272 

18.012 

.924 

.770 

3,999.5 

1,257.9 

50 

70“ 00 

81.85 

.313 

.071 

.896 

.803 

4,011.9 

1,265.0 

70“ 00 

10 

81.66 

.354 

.130 

■ .867 

.836 

4,024.4 

1,272.1 

10 

20 

81.46 

.395 

.189 

.838 

.869 

4,036.8 

1,279.3 

20 

30 

81.27 

.436 

.248 

.810 

.902 

4,049.3 

1,286.5 

30 

40 

81 08 

.478 

.307 

.781 

.935 

4,061.8 

1,293.6 

40 

60 

80.89 

.520 

.366 

.752 

.968 

4,074.4 

1,300.9 

50 

71“ 00' 

80.70 

.561 

.426 

i 

.723 

15.001 

4,086.9 

1,308.2 

71“ 00 

10 

80 51 

.604 

.485 

.694 

.034 

4,099.5 

1,315.6 

10 

20 

80.32 

.646 

.645 

.665 

.066 

4,112.1 

1,322.9 

20 

30 

80.13 

.688 

.605 

.636 

.099 

4,124.8 

1,330.3 

30 

40 

79.95 

.731 

.665 

.607 

.132 

4,137.4 

1,337.7 

40 

60 

79.76 

.774 

.725 

.578 

.165 

4,150.1 

1,345.1 

50 

72“ 00 

79.58 

.816 

.786 

.549 

.198 

4,162.8 

1,352.6 

72“ 00 

10 

79.39 

.860 

.846 

.519 

.231 

4,175 6 

1,360.1 

10 

20 

79.21 

.903 

.907 

.490 

.264 

4,188.5 

1,367.6 

20 

30 

79.03 

.946 

.968 

.460 

.296 

4,201.2 

1,375.2 

30 

40 

78.85 

.990 

19.029 

.430 

.329 

4,214.0 

1,382.8 

40 

60 

78.67 

58.034 

.090 

.401 

.362 

4,226.8 

1,390.4 

50 
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Table 1. — Functions ok Cibcui,ab CtrBVE8''-(Con<iniie4) 


Radii, tanRents, externals, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1° curve 


A 

1 ^ 

T 

1 ^ 

L. C. 

M. Ord\ 

T 

E 

1 - 

7:rco' 

78.49 

58.078 

19 151 

93 371 

15.395 

4,239.7 j 

1,398 0 

o 

o 

n 

10 

78.31 

.122 

.213 

.342 

.427 

4,252.6 

1,405.7 

10 

20 

78 . 13 

.166 

.274 

.312 

.460 

4,265 6 

1,413 5 

20 

30 

77.95 

.211 

.336 

.282 

.493 

4,278 5 

1,421 2 

30 

40 

77.78| 

.255 

.398 

.253 

.526 

4,291 5 

1,429.0 

40 

50 

77.60 

.300 

.460 

.223 

.558 

4,304.6 

1,436.8 

50 

74“ 00 

77 43 

.345 

.522 

.193 

.591 

4,317.6 

1,444.6 

74“ 00 

10 

77.25 

.390 

.585 

.163 

.624 

4,330.7 

1,452 5 

10 

20 

77 08 

.430 

.647 

.132 

.656 

4,343 8 

1,460.4 

20 

30 

76 91 

.482 

.710 

.102 

.689 

4,356 9 

1 ,468 4 

30 

40 

76.74 

.527 

.773 

.072 

.721 

4,370.1 

1,476 4 

40 

50 

76.56 

.573 

.836 

.041 

.754 

4,383.3 

1,484 4 

50 

75“ 00 

76.39 

i 

.6201 

.899 

.011 

.787 

4,396 5 

1,492 4 

75“ 00 

10 

76.22 

- .666 

- .962 

92.981 

.819 

4,409.8 

1,500 5 

10 

20 

76 06 

.712 

20.020 

.950 

.m 

4,423.1 

1,508.6 

20 

30 

75 89 

.759 

.089 

.920 

.884 

4,436 4 

1,516 7 

30 

40 

75.82 

.806^ 

.153 

.889 

.917 

4,449.7 

1 ,524 9 

40 

60 

75.65 

.853 

.217 

.859 

.949, 

4,463.1 

1,533.1 

50 

76“ 00 

75.39 

.901 

.281 

.828 

.982 

4,476.5 

1,541.4 

76“ 00 

10 

75.22 

.948 

.346 

.797 

16.014 

4,489 9 

1 1,549.7 

10 

20 

75 06 

.996 

.410 

.767 

.046 

4,503.4 

1,558.0 

20 

30 

74 90 

59.044 

.475 

.736 

.079 

4,516.9 

1,566 3 

30 

40 

74.73 

.092 

.640 

.705 

.111 

4,530.4 

1,574 7 

40 

50 

74.57 

.140 

.604 

.674 

.144 

4,544.0 

1,583.1 

50 

77“ 00 

74.41 

.188 

.669 

.643 

.176 

4,557.6 

1,591.6 

77^ 00 

10 

I 74 25 

.237 

.735 

.611 

.208 

4,571.2 

1,600. r 

1€ 

20 

74 09 

.286 

.801 

.580 

.241 

4,584.8 

1,608.6 

2P 

30 

1 73.93 

.335 

.866 

.549 

.273 

4,598.5 

: 1,617.1 

30 

40 

73,77 

.384 

.932 

.517 

.305 

4,612.2 

1,625.7 

40 

50 

73.61 

.434 

.998 

.486 

.338 

4,626.0 

1,634.4 

50 

78“ 00 

73.46 

.484 

21.064 

.455 

.370 

4,639.8 

1,643.0 

78“ 00 

10 

73.30 

.534 

.131 

.423 

.402 

4,653.6 

1,651.7 

1 10 

20 

73.14 

.584 

.197 

.391 

.434 

4,667.4 

1,660.5 

20 

30 

72.99 

.634 

.264 

.360 

.467 

4,681.3 

1,669.2 

30 

40 

72.83 

1 .684 

.331 

.328 

.499 

4,695.2 

1,678.1 

40 

60 

72.68 

! .736 

1 

.398 

.296 

.531 

4,709.2 

1,686.9 

50 
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Table 1. — P’unotions of CiBotrLAR Curves — (Continued) 


Radii, tangents, externals, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1“ curve 


A 

R 1 

T 

E 

L C. 1 

M. Ord.| 

T 

E 

A 

79“ 00' 

I 

72 53 

69 786 

21.465 

92.265 

16.563 

4,723.2 

1,695.8 

79“ 00' 

10 

72.37 

.837 

.533 

.233 

.595 

1 4,737.2 

1,704.7 

10 

20 

72.22 

.889 

.601 

.201 

' .627 

4,751.2 

1,713.7 

20 

30 

72.07 

.940 

.668 

.169 

.660 

4,765.3 

1,722 7 

30 

40 

71.92 

.992 

.737 

.137 

.692 

4,779.4 

1,731.7 

40 

50 

71.77 

60.044 

.805 

.105 

.724 

4,793.6 

1,740.8 

50 

80“ 00 

71.62 

.096 

.873 

.073 

.756 

4,807.7 

1,749.9 

80“ 00 

10 

71.47 

.148 

.942 

.040 

.788 

4,822.0 

1,759.0 

10 

20 

71.32 

.201 

22.011 

.008 

.820 

4,836.2 

1,768.2 

20 

30 

71.17 

.254 

.080 

91.975 

.852 

4,850.5 

1,777.4 

30 

40 

71.03 

.307 

.149 

.943 

.884 

4,864.8 

1,786.7 

40 

50 

70.88 

.360 

.218 

.911 

.916 

4,879.2 

1,796.0 

50 

o 

o 

00 

70.74 

.414 

.288 

.878 

.948 

4,803.6 

1,805.3 

81“ 00' 

10 

70 59 

.468 

.358 

.845 

.980 

4,908.0 

1,814 7 

10 

20 

70 44 

.522 

.428 

.813 

17.012 

4,922.5 

1,824.1 

20 

30 

70.30 

.576 

.498 

.780 

.043 

4,937.0 

1,833.6 

30 

40 

70.16 

.630 

.568 

.747 

.075 

4,951.5 

1,843.1 

40 

50 

70.02 

.685 

.639 

.714 

.107 

4,966.1 

1,852.6 

50 

82“ 00 

69.87 

.740 

.710 

.682 

.139 

4,980." 

1,862.2 

82“ 00 

10 

69.73 

.795 

.781 

.648 

.171 

4,995.4 

1,871.8 

10 

20 

69.59 

.850 

.852 

.615 

.203 

5,010.0 

1,881.5 

20 

30 

69.45 

.906 

.923 

.582 

.234* 

5,024.8 

1,891.2 

30 

40 

69. 3l! 

.961 

.995 

.549 

.266 

5,039.5 

1,900.9 

40 

50 

69.17 

61.017 

23.067 

.516 

.298! 

5,054.3 

1,910.7 

50 

83“ 00 

69.03 

1 

.074j 

.139 

.483 

.330 

5,069.2 

1,920.5 

83“ 00 

10 

68.89 

.130 

.211 

.449 

.362 

5,084 0 

1,930.4 

10 

20 

68.75 

.187' 

.284 

.416 

.393 

5,099 0 

1,940.3 

20 

30 

68.62 

.244 

.356 

.382 

.425 

5,113.9 

1,950.3 

30 

40 

68.48i 

.301 

.429 

.349 

.457 

5,128.9 

1,960.2 

40 

60 

68.34 

,358 

.502 

.315 

.488 

6,143.9 

1,970.3 

SO 

84“ 00 

68.21 

.416 

.675 

.282 

.520 

5,159.0 

1,980.4 

84“ 00 

10 

68.07 

.474 

.649 

.248 

.551 

5,174.1 

1,990.5 

10 

20 

67.94 

.532 

,723 

.214 

.583 

5,189.3 

2,000.6 

20 

30 

67.81 

.590 

.797 

.180 

.615 

5,204.4 

2,010.8 

30 

40 

67.67 

.649 

.871 

.146 

.646 

5,219.7 

2,031.1 

40 

50 

67.54 

.708 

.945 

.113 

.678 

5,234.9 

2,031.4 

50 
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Table 1. — Functions of Circular Curves — (Continued) 


Radii, tangents, externals, long chorda and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and extemala 
for a 1“ curve 


A 

11 

1 ^ 

1 ® 

1 L.C. 

M. Ord. 

1 ^ 

E 

1 ^ 

85° 00' 

67 41 

61 767 

24 020 

91.079 

17.709 

5,250.3 

2,041 7 

85° 00' 

10 

67 27 

.826 

.095 

.045 

.741 

5,265.6 

2,052.1 

10 

20 

67.14 

.886 

.170 

.010 

.772 

5,281.0 

2,062.5 

20 

30 

67 01 

.946 

.245 

90.976 

.804 

5,296.4 

2,073.0 

30 

40 

66 88 

62 006 

.321 

.942 

.835 

5,311.9 

2,083.5 

40 

50 

66.75 

.066 

.397 

.908 

.867 

5,327.4 

2,094.1 

60 

86° 00 

66 62 

.127 

.472 

.874 

.898 

5,343.0 

2,104.7 

86° 00 

10 

66 49 

.188 

.549 

.839 

.929 

5,3.58 6 

2,115.3 

10 

20 

66 36 

.249 

625 

804 

.961 

5,374.2 

2,126 0 

20 

30 

66 24 

.310 

.702 

.770 

.992 

5,389.9 

2,136.7 

30 

40 

66 11 

372 

.779 

.735 

18.023 

5,405.6 

2,147.5 

40 

50 

65 98 

.434 

.856 

.701 

.055 

5,421 4 

2,158.4 

50 

87° 00 

65 86 

.496 

.934 

.666 

.086 

5,437.2 

2,169.2 

87° 00 

10 

65 73 

.559 

25 011 

.631 

.117 

5,453.1 

2,180.2 

10 

20 

65 61 

.621 

089 

596 

.149 

5,469 0 

2,191.1 

20 

30 

65 48 

.684 

.167 

.561 

.180 

5,484 9 

2,202.2 

30 

40 

65 36 

.748 

.246 

.527 

.211 

5,500.9 

2,213.2 

40 

50 

65.23 

.811 

.324 

.492 

,242 

5,517.0 

2,224.3 

50 

88° 00 

65.11 

.875 

.403 

.457 

.273 

5,533.1 

2,235 6 

88° 00 

10 

64.98 

.939 

.482 

.422 

.305 

5,649.2 

2,246.7 

10 

20 

64.86 

63.003 

.562 

.386 

.336 

5,566.4 

2,268.0 

20 

30 

64.74 

.008 

641 

.351 

.367 

6,681.6 

2,269.3 

30 

40 

64 62 

.133 

.721 

.316 

.398 

5,597.8 

2,280.6 

40 

50 

64.50 

.198 

.882 

.280 

.429 

5,614.2 

2,292.0 

50 

89° 00 

64.38 

.263 

.882 

.245 

.460 

6,630.6 

2,303.5 

89° 00 

10 

64.26 

.329 

.963 

.210 

.491 

5,646.9 

2,316.0 

10 

20 

64.14 

.395 

26.044 

.174 

.522 

6,663.4 

2,326.6 

20 

30 

64.02 

.461 

.124 

.138 

.553 

5,679 9 

2,338.2 

30 

40 

63.90 

.528 

.206 

.103 

.584 

5,696.4 

2,349.8 

40 

60 

63.78 

.595 

.288 

.067 

.615 

5,713 0 

2,361.5 

50 

90° 00 

63.66 

.662 

.370 

.032 

.646 

6,729.7 

2,373.3 

90° 00 

10 

63 ,*54 

.731 

.452 

89.996 

.677 

5,746.3 

2,385.1 

10 

20 

63.43 

.797 

.535 

.960 

.708 

6,763.1 

2,397.0 

20 

30 

63.31 

.865 

.617 

.924 

.739 

6,779.9 

2,408.9 

30 

40 

63.19 

.934 

.701 

.888 

.770 

6,796.7 

2,420.9 

40 

50 

63.08 

64.002 

.784 

.852 

.801 

5,813.6 

2,432.9 

50 
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Table 1. — Functions of Circular Curves — (Continued) 


Radii, tangents, externals, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1® curve 


A \ R \ T \ E \ L. C. \m, Ord.\ T E \ A 

91 “ 00 ' 62 . 96 | 64.071 26 . 867 ! SO . Sie ! 18.831 5 , 830.5 I 2 , 444.9 91 “ 00 ' 


10 

62.85 

.140 

.951 

20 

62.73 

.210 

27.036 

30 

62.62 

.280 

.120 

40 

62.50 

.350 

.205 

50 

62.39 

.420 

.290 

92 “ 00 

62.28 

.491 

.375 

10 

62.16 

.562 

.461 

20 

62.05 

.633 

.546 

30 

61.94 

.705 

.632 

40 

61.83 

.777 

.719 

50 

61.72 

.849 

.806 

93 “ 00 

61.61 

.922 

.892 

10 

61.50 

.995 

.980 

20 

61.39 

65.068 

28.068 

30 

61.28 

.141 

.156 

40 

61.17 

.215 

.244 

50 

61.06 

.290 

.333 

94*00 

60.95 

.364 

.421 

10 

60.84 

.439 

.511 

20 

60.74 

.514 

.800 

30 

60.63 

.590 

.690 

40 

60.52 

.660 

.780 

50 

60.42 

.742 

.870 

95 “ 00 

60.31 

.818 

.961 

10 

60.21 

.895 

29.052 

20 

60.10 

.972 

.143 

30 

60.00 

66.050 

.235 

40 

59.89 

.128 

. 327 j 

60 

59.79 

.206 

.420 

96 “ 00 

59.68 

.285 

.512 

10 

59.58 

.364 

.605 

20 

59.48 

.443 

.699 

30 

59.37 

.523 

.792 

40 

59.27 

.603 

.886 

50 

59.17 

.683 

.981 


.780 . 862 5 , 847.6 2 , 457.1 10 
.743 . 893 5 , 864.6 2 , 469.3 20 
,707 .924 5 , 881.7 2 , 481.5 30 
.671 .954 5 , 898.8 2 , 493.8 40 
.635 .985 5 , 916.0 2 , 506.1 60 

.598 19.016 5 , 933.2 2 , 618.5 92“ 00 
.561 .047 5 , 950.5 2 , 531.0 10 
.526 .077 5 , 967.9 2 , 543.5 20 
.488 .108 5 , 985.3 2 , 556.0 30 
.452 .139 6 , 002.7 2 , 668.6 40 
.416 .169 6 , 020.2 2 , 581.3 60 

.378 . 200 6 , 037.8 2 , 594.0 93“ 00 
.341 .231 6 , 055.4 2 , 606.8 10 
.304 .261 6 , 073.1 2 , 619.7 20 
.267 .292 6,090 8 2 , 632.6 30 
.230 . 322 6,108 6 2 , 645.5 40 
.193 . 353 6,126 4 2 , 658.5 60 

.156 . 383 6 , 144.3 2 , 671.6 94“ 00 
.119 .414 6 , 162.6 2 , 684.7 10 
.082 . 444 6 , 180.2 2 , 697.9 20 
.044 . 474 6 , 198.3 2 , 711.2 30 
.007 .505 6 , 216.4 2 , 724.5 40 
.970 .536 6 , 234.6 2 , 737.9 50 

.932 . 565 6 , 262.8 2 , 751.3 95 “ 00 
.895 . 696 6 , 271.1 2 , 764.8 10 
.857 .626 6 , 289.4 2 , 778.3 20 
.819 .656 6 , 307.9 2 , 792.0 30 
.782 .687 6 , 326.3 2 , 805.6 40 
.744 . 717 6 , 344.8 2 , 819.4 50 

.706 . 747 6 , 363.4 2 , 833.2 96“ 00 
.668 . 777 6 , 382.1 2 *. 847.0 10 
.630 . 808 6 , 400.8 2 , 861.0 20 
.592 .838 6 , 419.5 2 , 875.0 30 
.554 . 868 6 , 438.4 2 . 889.0 40 
.516 . 808 6 , 457.3 2 , 003.1 50 
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Table 1. — Functions of Circular Curves — {Continmd) 


Radii, tangents, externals, long chords and middle 
ordinates for the unit circular curve of length 

100 feet 

Tangents and externals 
for a 1“ curve 

A 

1 R 

1 ^ 

1 ^ 

1 L.C. 

M. Ord. 

1 ^ 

1 * 

A 

97'’ 00' 

59.07 

66.764 

30.075 

88.478 

19,928 

6,476.2 

2,917.3 

97“ 00' 

10 

58.97 

.846 

.170 

.440 

.958 

6.495.2 

2,931.6 

10 

20 

58.86 

.927 

.266 

.402 

.988 

6,514.3 

2,945 9 

20 

30 

58.76 

67.009 

.361 

.363 

20.018 

6,533.4 

2,960 3 

30 

40 

58.66 

.091 

.458 

.325 

.048 

6,552.6 

2,974 7 

40 

50 

58.56 

.173 

.554 

.287 

.079 

6,571.9 

2,989.2 

50 

98“ 00 

58.46 

.256 

.651 

.248' 

.109 

6,591.2 

3,003.8 

98“ 00 

10 

58.36 

.840 

.748 

.210 

.138 

6,010 6 

3,018 4 

10 

20 

58.27 

.424 

.846 

.171 

.168 

6,630.1 

3,033.1 

20 

30 

58.17 

.508 

.944 

.132 

.198 

6,649.6 

3,047 9 

30 

40 

58.07 

.592 

31.042 

.094 

.228 

6,669 2 

3,062 8 

40 

60 

57.97 

.677 

.140 

.055 

.258 

6,688.8 

3,077 7 

50 

99“ 00 

57.87 

.702 

.239 

.016 

.288 

6,708.6 

3,092 7 

99“ 00 

10 

57.78 

.848 

.339 

87.977 

318 

6,728 4 

3,107.7 

10 

20 

57.68 

.934 

.438 

.938 

-.348 

6,748 2 

3,122 9 

20 

30 

57 58 

68.021 

.538 

.899 

.377 

6,768.1 

3,138.1 

30 

40 

57.49 

.108 

.639 

.860 

.407 

6,788 1 

3,153.3 

40 

50 

57.39 

.195 

.740 

.821 

.437 

6,808.2 

3,168.7 

50 

100“ 00 

57.30 

.282 

.841 

.782 

.467 

6,828.3 

3,184 1 

100“ 00 

10 

67.20 

.371 

.943 

.743 

.496 

6,848.5 

3,199 6 

10 

20 

67 11 

.459 

32.045 

.704 

.626 

6,868.8 

3,215.1 

20 

30 

57.01 

.548 

.147 

.664 

.656 

6,889 2 

3,230.8 

30 

40 

56.92 

.637 

.250 

.625 

.685 

6,909.6 

3,246 5 

40 

50 

66.82 

.727 

.363 

.586 

.615 

6,930.1 

3,262.3 

50 

101® 00 

56.73 

.817 

.456 

.646 

.645 

6,950.6 

3,278.1 

101“ 00 

10 

66.64 

.908 

.561 

.506 

.674 

6,971.3 

3,294 1 

10 

20 

66.54 

.999 

.665 

.467 

.704 

6,992.0 

3,310.1 

20 

30 

56 45 

69.090 

.770 

.427 

.733 

7,012.7 

3,326 1 

30 

40 

66.36 

.182 

.875 

.388 

.763 

7,033.6 

3,342.3 

40 

50 

56.26 

.274 

.981 

348 

.792 

7,054.5 

3,358.5 

50 

102“ 00 

66.17 

.367 

33.086 

.308 

.822 

7,075.5 

3,374.9 

102“ 00 

10 

56.08 

.460 

.193 

.268 

.851 

7,096.6 

3,391.2 

10 

20 

55.99 

.554 

.300 

.228 

.881 

7,117.8 

3,407.7 

20 

30 

55.90 

.648 

.407 

.188 

.910 

7,139.0 

3,424.3 

30 

40 

56.81 

.742 

.615 

.148 

.940 

7,160.3 

3,440.9 

40 

50 

56.72 

.837 

.623 

.108 

.969 

7,181.7 

3,457.6 

50 
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Table 1. — Functions of Circular Curves — (Continued) 


Radii, tangente, externala, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1° curve 


70.029 .841 

.125 .950 

.222 34.060 


L. C. 

\m. Ord 

T 

E 

- 

87 068 

21 998 

7,203 2 

3,474 4 

IDS'* 00' 

.028 

21.028 

7,224.7 

3,491 3 

10 

86.988 

.057 

7,246 3 

3,508 2 

20 

.947 

.086 

7,26S 0 

3,525 2 

30 

.907 

.115 

7,2S9 8 

3,542.4 

40 

.867 

. 145 

7,311 7 

3,559 6 

50 

.826 

.174 

7,333.6 

3,576 8 

104'' 00 

.786 

.203 

7,355.6 

3,594.2 

10 

.745 

.232 

7,377.8 

3,611.7 

20 

.704 

.261 

7,399.9 

3,029.2 

30 

.664 

.291 

7,422.2 

3,646.8 

40 

.623 

.320 

7,444.6 

3,664 5 

50 

:582 

.349 

7,467.0 

3,682.3 

105^ 00 

.541 

.378 

7,489.6 

3,700 2 

10 

.500 

.407 

7,512.2 

3,718.2 

20 

.459 

.436 

7,534.9 

3,736 2 

30 

.419 

.465 

7,557.7 

3,754.4 i 

40 

.378 

.494 

7,580 5 

3,772.6 

50 

.337 

.523 

7,603 5 

3,791 0 

106** 00 

.295 

.552 

7,626.6 

3,809.4 

10 

.254 

.581 

7,649.7 

3,827.9 

20 


72.046 36.117 


.610 7,672.9 
.63<S 7,696.3 
.667 7,719.7 


53.55 .365 .475 .089 .696 7,743.2 3,902.9 

63.46 .473 .596 .047 .725 7,766.8 3,921.9 

63.38 . 579 . 717 . 006 . 754 7,790.5 3,940.9 j 

53.30 . 690 . 838 85.964 . 782 7,814.3 3,960.1 

63.22 .799 .960 .923 .811 7,838.1 3,979.4 

53.13 .909 37.083 .881 .840 7,862.1 3,998.7 


53.05 73.019 . 205 . 839 . 869 7,888.2 4,018.2 
62.97 .130 .329 .797 .897 7,910.4 4,037.8 
52.89 .242 .453 .756 .926 7,934.6 4,057.4 
52.81 .354 .577 .714 .954 7,959.0 4,077.2 
52.73 . 466 . 703 . 672 . 983 7,983.5 4,097.1 
52.64 . 580 . 829 . 630 22.012 8,008.0 4,117.0 
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Table 1. — Functions op Circular Curves — (Continued) 


Radii, tangents, externals, long chords and middle 
ordinates for the unit circular curve of length 
100 feet 


Tangents and externals 
for a 1“ curve 


A 

R 

1 ^ 

E 

1 L.C. 

\m. Ord. 

1 ^ 

1 ^ 

A 

115° 00' 

49.82 

78.206 

42.905 

81.040 

23.053 

8,993.8 

4,934.1 

115° 00' 

10 

49.75 

.344 

43.056 

83.996 

.080 

9,022.7 

4,958.6 

10 

20 

49.68 

.482 

.206 

.951 

.108 

9,051 .7 

4,983 1 

20 

30 

49 61 

.622 

.357 

.907 

. 136 

9,080 9 

5,007.8 

30 

40 

49.54 

.762 

.510 

.863 

. 163 

9,110 3 

5,032.6 

40 

50 

49.40 

.903 

.663 

.819 

,191 

9,139 8 

5,057.6 

60 

116° 00 

49.39 

79.045 

.816 

.775 

.219 

9,169.4 

5,082.7 

116° 00 

10 

49.32 

.188 

.971 

.731 

.246 

9,199 1 

5,107.9 

10 

20 

49.25 

.331 

44.126 

.686 

.274 

9,229 0 

5,133.3 

20 

30 

49 18 

.475 

.281' 

.642 

.301 

9,259.0 

5,158.8 

30 

40 

49.11 

.621 

.438 

.598^ 

.329 

9,289 2 

5,184.5 

40 

50 

49.04 

.766 

.596 

.553 

.356 

9,319.5 

5,210 3 

50 

117° 00 

48.97 

.913 

.753 

.509 

.384 

9,349.9 

5,236.2 

117° 00 

10 

48 90 

80.060 

.913 

.464 

.411 

9,380.5 

5,262.3 

10 

20 

48.83 

.209 

45.073 

.419 

.438 

9,411.3 

5,288 6 

20 

30 

48.76 

.358 

.2.33 

.375 

.466 

9,442.2 

5,315 0 

30 

40 

48.69 

.508 

.395 

.330 

.493 

9,473.2 

5,341 5 

40 

50 

48.62 

.659 

.558 

.285 

.520 

9,504.4 

5,368.2 

60 

118° 00 

48.56 

.810 

.720 

.241 

.548 

9,535.7 

5,395.1 

118° 00 

10 

48 49 

.963 

.885 

.196 

.575 

9,567.2 

5,422.1 

10 

20 

48.42 

81.116 

46.050 

.151 

.602 

9,598.9 

5,449.2 

20 

30 

48.35 

.271 

.215 

.106 

.629 

9,630.7 

5,476.5 

30 

40 

48.28 

.426 

.382 

.061 

.656 

9,662.6 

5,504.0 

40 

50 

48.22 

.582 

.560 

.016 

.684 

9,694.7 

5,531.7 

50 

119° 00 

48.16 

.739 

.718 

82.971 

.711 

9,727.0 

5,559.4 

119° 00 

10 

48.08 

.895 

.888 

.926 

.738 

9,759.4 

5,587.4 

10 

20 

48.01 

82.055 

47.058 

.880 

.785 

9,792.0 

5,615 5 

20 

30 

47.95 

.215 

.228 

.835 

.792 

9,824.8 

5,643 8 

30 

40 

47.88 

.375 

.401 

.790 

.819 

9,857 7 

5,672.3 

40 

50 

47.81 

.537 

.574 

.745 

.846 

9,890.8 

6,700.9 

50 

120° 00 

47.75 

.699 

.746 

.699 

.873 

9,924.0 

5,729.7 

120“ 00 

10 

47.68 

.863 

.922 

.654 

.900 

9.957.5 

5,758.6 

10 

20 

47.61 

83.027 

48.098 

.608 

.927 

9,991.0 

5,787.7 

20 

30 

47.65 

.192 

.274 

.563 

.954 

10,025 

6,817 0 

30 

40 

47.48 

.359 

.452 

.517 

.981 

10,059 

5,846.5 

40 

60 

47.42 

.530 

.630 

.472 

24.008 

10,093 

6,876.1 

50 
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Table 1. — Functions op Circular Curves — (Continued) 
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Table 1. — Functions of Circular Curves — {Continued) 
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Table 1A. — Correctionb for Tangent Distances in Table 1 
Applying only to the Chord Definition. 

Add after dividing (T for V curve) by Z>. 








D 

= 








2 ° 

3 ° 

4 ° 

5 ° 

6 ° 

70 

8 ° 

9 ° 

10 ° 

15 ° 

20 ° 

26 ° 


10 ° 

.01 

.02 

.02 

.03 

.04 

.04 

.05 

.06 

.06 

.09 

.13 

.16 

10 ° 

12 

.01 

.02 

.03 

.04 

.04 

.05 

.06 

.07 

.08 

. 1 . 

. 15 

. 19 

12 

14 

.01 

.02 

.03 

.04 

.06 

.06 

.07 

.08 

.09 

. i3 

.17 

.22 

14 

16 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

. 10 

.15 

.20 

.25 

16 

18 

.02 

.03 

.04 

.06 

.07 

.08 

.09 

.10 

.11 

. 17 

.23 

.28 

18 

20 

.02 

.03 

.05 

.06 

.07 

.09 

.10 

.11 

.13 

.19 

. 26 

32 

20 

22 

.02 

.04 

.05 

.07 

.08 

.10 

.11 

.13 

.14 

.21 

.29 

.35 

22 

24 

.02 

.04 

.06 

.07 

.09 

.11 

. 12 

. 14 

.15 

.23 

.32 

.38 

24 

20 

.03 

.04 

.06 

.08 

.10 

12 

.13 

.15 

.17 

.25 

.35 

.42 

26 

28 

.03 

.05 

.07 

.09 

.11 

.12 

. 14 

. 16 

. 18 

.27 

.37 

.45 

28 

30 

a )3 

.05 

.07 

.00 

.11 

.13 

.15 

.17 

. 19 

.29 

.40 

.49 

30 

32 

.03 

.06 

,08 

.10 

.12 

.14 

.16 

. 19 

.21 

31 

.43 

.53 

32 

34 

.03 

.06 

.08 

.11 

.13 

.15 

.18 

.20 

.22 

33 

.46 

,56 

34 

36 

.04 

.06 

. 09 

.11 

.14 

.16 

.19 

.21 

.23 

.35 

48 

59 

36 

38 

.04 

.07 

.09 

.12 

.15 

.17 

.20 

22 

.25 

38 

.51 

. 63 

38 

40 

.04 

.07 

.10 

.13 

.15 

.18 

.21 

.24 

.26 

.40 

.53 

.67 

40 

42 

04 

.07 

.10 

.13 

. 16 

.19 

.22 

.25 

.28 

.42 

. 6 fi 

.70 

42 

44 

.04 

08 

.11 

.14 

.17 

.20 

.23 

26 

.29 

.44 

. 59 

.74 

44 

46 

.05 

.08 

.12 

.15 

.18 

.21 

.24 

.27 

.31 

.46 

.62 

.77 

46 

48 

.05 

.09 

. 12 

.16 

.19 

.22 

.26 

.29 

.32 

.49 

66 

,81 

48 

50 

.06 

.09 

.13 

.16 

.20 

.23 

2 V 

.30 

. 34 , 

.51 

.68 

.85 

50 

62 

.06 

.09 

.13 

.17 

.21 

.24 

.28 

.32 

. 35 ! 

.53 

.71 

.89 

52 

54 

.06 

.10 

.14 

.18 

.22 

.26 

.29 

.33 

.37 

.56 

.74 

.93 

64 

56 

.06 

.10 

.15 

.19 

.23 

.27 

.30 

.34 

.38 

.58 

.77 

.97 

56 

58 

.00 

.11 

.15 

.19 

.24 

,28 

.32 

.30 

.40 

.61 

.80 

1 .01 

58 

60 

.06 

.11 

. 16 

.20 

.24 

,29 

33 

.37 

.42 

.63 

.84 

1 .06 

60 

62 

.07 

.12 

.16 

.21 

.25 

.30 

.34 

.39 

.43 

.65 

.88 

1.10 

62 

64 

.07 

.12 

.17 

.22 

.27 

.31 

.,36 

.40 

.45 

68 

.91 

1.14 

64 

66 

.07 

13 

.18 

.23 

.28 

.32 

.37 

.42 

.47 

.71 

.95 

1.19 

66 

68 

.07 

.13 

.18 

.24 

.29 

.34 

[ .,39 

.44 

.49 

.74 

.98 

1.23 

68 

70 

.08 

.14 

.19 

.24 

.30 

.35 

.40 

.45 

.50 

.76 

1.02 

1.28 

70 

72 

08 

.14 

.20 

.26 

.31 

.36 

.42 

.47 

.52 

.79 

1 . 06 

1.33 

72 

74 

.08 

.16 

.21 

.26 

.32 

.38 

.43 

.49 

.54 

.82 

1.10 

1.38 

74 

76 

.09 

.16 

.21 

.27 

.33 

.39 

.46 

.51 

.66 

.85 

1.14 

1.43 

76 

78 

.09 

.16 

.22 

.28 

.34 

.40 

.46 

.52 

.58 

.88 

1.18 

1.48 

78 

80 

.09 

.16 

.23 

.29 

.36 

.42 

.48 

.54 

.60 

.91 

1.22 

1.53 

80 

82 

.09 

.17 

.24 

.30 

.37 

.43 

.50 

.56 

.63 

.95 

1 26 

1.59 

82 

84 

.10 

.17 

.26 

.31 

.38 

.45 

.62 

.58 

.65 

.98 

1.31 

1.66 

84 

86 

.10 

.18 

.25 

.33 

.40 

.47 

.63 

.60 

.67 

1.02 

1.36 

1.71 

80 

88 

.11 

.19 

.26 

.34 

.41 

.48 

.56 

.62 

.70 

1.06 

1.40 

1.77 

88 

90 

,11 

.19 

.27 

.36 

.42 

1 .50 

.57 

.65 

.72 

1.09 

1.45 

1.83 

90 

92 

.11 

.20 

.28 

.36 

.44 

.62 

.69 

.67 

.76 

1.13 

1,49 

1.90 

92 

94 

.12 

.21 

.29 

,37 

.46 

.63 

.61 

.69 

.77 

1.17 

1.53 

1.96 

94 

96 

.12 

.22 

.30 

.39 

.47 

.56 

.64 

.72 

.80 

1.21 

1.61 

2.03 

96 

98 

.13 

.22 

.31 

.40 

.49 

.57 

.66 

.74 

.83 

1.26 

1.68 

2.11 

98 

100 

.13 

.23 

.33 

,42 

.61 

.59 

.68 

.77 

.86 

1.30 

1.74 

2.18 

100 
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Table 2. — Chord Lenoths of Circular Arcs 


Degree 

of 




Chords 




Degree 

of 




For ares of 




f'urve 

100' 

95' 

90' 

1 85' 

[ 80' 

1 75' 

70' 

60' 

curve 

1° 

100' 

95' 

90' 

8.5' 

1 

80' 

75' 

70' 

60' 

r 

2 

100 

95 

90 

85 

|80 

75 

70 

00 

2 

3 

99 99 

91 99 

89 99 

85 

80 

75 

70 

00 

3 

4 

99 98 

94 . 98 

89.98 

81 99 

79 99 

7-1 99 

70 

00 

4 

5 

99 97 

94.97 

89,98 

81 9.S 

79 98 

74.99 

09.99 

59 . 99 

5 

6 

99 95 

91 90 

89.97 

8 1 . 97 

79 . 98 

74 . 98 

09 98 

59 99 

6 

7 

99 94 

94 95 

89 . 90 

81 90 

79 , 90 

7-1 97 

09 . 98 

59 . 99 

7 

K 

99 92 

91.93 

89.94 

81.95 

79 . 90 

74 . 97 

09 97 

59 . 98 

8 

9 

99 90 

91 91 

89 93 

81.9-1 

79.95 

74 90 

09 90 

59 98 

9 

10 

99.87 

9! 89 

89 01 

81 92 

79 . 94 

74 95 

09 90 

.59 97 

10 


For ares of 



100' 

00' 

55' 

.50' 

45' 

40' 

35' 

30' 


11 

99 . 85' 

59.97' 

54.97' 

49 . 98' 

44 . 00' 

39 . 99' 

34.99' 

30' 

11 

12 

99 . 82 

59.90 

54 . 97 

49.98 

44 . 08 

39.99 

34 . 99 

30 

12 

13 

99 79 

59 . 95 

54 . 90 

49. or 

44 . 98 

39.99 

34 . 99 

29 . 99 

13 

14 

99 75 

59 . 95 

54 . 90 

49.97 

44 . 98 

39 , 98 

34.99 

29 . 99 

14 

15 

99.71 

59 . 94 

54 . 95 

49.90 

44 . 97 

39.98 

34 . 99 

29 . 99 

15 

10 

99 . 08 

59 . 93 

54.05 

49.90 

44.97 

39 . 98 

34.99 

29.99 

16 

17 

99.03 

59.92 

54 . 94 

49.95 

44.97 

39.98 

34 . 98 

29.99 

17 

18 

99 . 59 

59.91 

54.93 

49.95 

44 . 90 

39.97 

34 . 98 

29 . 99 

18 

19 

99 . 54 

59.90 

54 . 92 

49.94 

44 . 90 

39.97 

34.98 

29.99 

19 

20 

99.49 

59 . 89 

54.92 

49.94 

44.95 

39.97 

34.98 

29.99 

20 

21 

99.44 

59 . 88 

54.91 

49.93 

44.95 

39.96 

34.98 

29.98 

21 

22 

99 . 39 

59 . 87 

54.90 

49.92 

44.94 

39.96 

34 . 97 

29 . 98 

22 

23 

99 . 33 

59 . 85 

54 . 89 

40.92 

44 . 91 

39.90 

34 . 97 

29 . 98 

23 

24 

99.27 

59.84 

54 . 88 

49.91 

44.93 

39.95 

34.97 

29.98 

24 

25 

99.21 

59.83 

54.87 

49.90 

44.93 

39.95 

34.97 

29 . 98 

25 


For arcs of 



60' 

50' 

45' 

40' 

35' 

30' 

25' 

20' 


26 

59.81' 

49.89' 

44.92' 

39.94' 

34.96' 

29.98' 

24.99' 

19.99' 

26 

27 

2$ 

59.80 

49.88 

44.92 

39.94 

34.96 

29.98 

24.99 

19.99 

27 

59.79 

49.88 

44.91 

39.94 

34.96 

29.97 

24.98 

19.99 

28 

29 

30 

59.77 

49-87 

44.90 

39.93 

34.95 

29.97 

24.98 

19.99 

29 

59.75 

49.86 

44.90 

39.93 

34.96 

29.97 

24.98 

19.99 

30 
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Table 2. — Chokd Lengths op Ciuctilab Arcs — (Continzied) 



Chords j 

Degree 








of 




For arcs of 




(furve 




1 1 



1 


60' 

50' 

4.5' 

' 40' 1 35' 

! 30' 

25' 

20' 

31“ 

59 . 74' 

49 . 85' 

44.89' 

39.92' 34.95' 

29 . 97' 

24.98' 

19.99' 

32 

59 . 72 

49.84 

44.88 

39.92 34.94 

29.90 

24 . 98 

19.99 

33 

59 . 70 

49.83 

44.87 

39.91 34.94 

29 . 96 

24 . 98 

19.99 

34 

59 . 68 

49.82 

44.87 

39.91 34.94 

29 . 96 

21.98 

19.90 

35 

59.66 

49.81 

44.86 

39.90 34.93 

29.90 

24.98 

19.99 

36 

59.65 

49.79 

44.85 

39.89 34.93 

29.90 

24.97 

19.99 

37 

59.63 

49.78 

44.84 

39.89 34.93 

29 . 95 

24 97 

19 99 

38 

59 . 60 

49 . 77 

44.83 

39.88 34.92 

29.95 

24 . 97 

19.99 

39 

59 . 58 

49.76 

44.82 

39.88 34.92 

29 . 95 

24.97 

19.98 

40 

59.56 

49 . 75 

44.82 

39.87 34.91 

29.95 

24 . 97 

19.98 

41 

59 . 54 

49.73 

44.81 

39.80 34.91 

29.94 

24.97 

19.98 

42 

59 . 52 

49.72 

44.80 

39.80 34.90 

29 . 94 

24 . 97 

19.98 

43 

59.49 

49.71 

44 . 79 

39.85 34.90 

29 . 94 

24.96 

19.98 

44 

59.47 

49 . 69 

44.78 

39.84 34.89 

29.93 

24 . 96 

19.98 

45 

59.45 

49.68 

44.77 

39.84 34.89 

29.93 

24 . 90 

19.98 

46 

59.42 

49 . 06 

44.76 

39.83 34.88 

29 . 93 

24 . 96 

19.98 

47 

59.40 

49 . 65 

44.74 

39.82 34.88 

29 . 92 

24 . fKi 

19.98 

48 

59.37 

49.64 

44.73 

39.81 34.87 

29 . 92 

24 . 95 

19.98 

49 

59.34 

49 . 62 

44,72 

39.81 34.87 

29 . 92 

24 . 95 

19.98 

50 

69.32 

49.00 

44.71 

39.80 34.86 

29 91 

24 . 95 

19.97 


For arcs of 


25' 

22' 

20' 

18' 16' 

14' 

12' 

10' 

61 

24.95 

21.96' 

19.97' 

17.98' 15.99' 

13.99' 

12' 

■10' 

52 

24.95 

21.96 

19.97 

17.98 15.99 

13.99 

11.99 

10 

53 

24.94 

21.96 

19.97 

17.98 15.99 

13.99 

11.99 

10 

54 

24.94 

21.96 

19.97 

17,98 15.99 

13.90 

11.99 

10 

56 

24.94 

21.96 

19.97 

17.98 15.98 

13.99 

11.99 

10 

56 

24.94 

21.96 

19.97 

17.98 15.98 

13.99 

11.99 

10 

57 

24.94 

21.96 

19.97 

17.98 15.98 

13.99 

11.99 

10 

58 

24.94 

21.95 

19.97 

17.98 15.98 

13.99 

11.99 

10 

59 

24.94 

21.95 

19.96 

17.97 15.98 

13.99 

11.99 

10 

60 

24.93 

21.95 

19.96 

17.97 15.98 

13.99 

11.99 

10 

62 

24.92 

21.95 

19.96 

17.97 15.98 

13.99 

11.99 

10 

64 

24.92 

21.94 

19.96 

17.97 15.98 

13.99 

11.99 

10 

66 

24.91 

21.94 

19.96 

17.97 15.98 

13.98 

11.99 

10 

68 

24.91 

21.94 

19 . 95 

17.97 15.98 

13.98 

11.99 

10 

70 

24.90 

21.93 

19.96 

17.96 16.97 

13.98 

11.99 

9.99 


Decree 

of 

curve 

31° 

32 

33 

34 
3.) 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


51 

52 

53 

54 

55 

56 

57 
68 

69 
60 

62 

66 ‘ 
68 

70 
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Table 2. — Chord Lengths op Circular Arcs — {Continued) 


For arcs of 


18' IG' 14' 


24.00' 21.03' 10.05' 17. 9G' 15.97' 13.98' 11.09 

24.80 21.03 19.94 17. 9G 15.07 13.08 11.99 

24.89 21.92 19.94 17.96 15.97 13.98 11.99 

24.88 21.92 19.04 17.96 15.97 13.98 11.99 

24.87 21.01 19.94 17.05 15.97 13.98 11.99 


24.87 21.91 19.03 17.95 15.97 13.98 11.98 

24.86 21.00 10.03 17.95 15.96 13.98 11.98 

24.85 21.90 19.93 17.95 15.96 13.97 11.98 

24.85 21.00 19.92 17.94 15.96 13.07 11.98 

24.84 21.80 19.92 17.94 15.96 13.97 11.98 

24.83 21.80 19 91 17.94 15.96 13.97 11.98 

24.83 21.88 10.91 17.93 15.95 13.97 11.98 

24.82 21.88 10.91 17.93 15.95 13.97 11.98 

24.81 21.87 19.90 17.93 15.95 13.97 11.98 

24.80 21.87 19.90 17.93 15.95 13.97 11.98 

24.79 21.86 19.89 17.92 15.95 13.96 11.98 

24.79 21.85 19.89 17.92 15.94 13.96 11.98 

24.78 21.85 19.89 17.92 15.94 13.96 11.98 

24.77 21.84 19.88 17.91 15.94 13.96 11.97 ; 

24.76 21.84 19.88 17.91 15.94 13.96 11.97 

24.75 21.83 19.87 17.91 15.93 13.96 11.97 

24.74 21.83 19.87 17.90 15.93 13.95 11.97 

24.73 21.82 19.86 17.90 15.93 13.95 11.97 

24.72 21.81 19.86 17.90 15.93 13.95 11.97 

24.72 21.81 19.85 17.89 15.93 13.95 11.97 

24.71 21.80 19.85 17.89 15.92 13.95 11.97 

24.70 21.79 19.84 17.89 15.92 13.95 11.97 

24.69 21.79 19.84 17.88 15.92 13.94 11.97 

24.68 21.78 19.83 17.88 15.91 13.94 11.96 

24.67 21.77 19.83 17.88 15,91 13.94 11.96 

24.66 21.77 19.82 17.87 15.91 13.94 11,96 

24.65 21.76 19.82 17.87 15.91 13.94 11.96 

24.63 21.75 19.81 17.86 15.90 13.94 11.96 

24.62 21.74 19.81 17.86 15.90 13.93 11.96 

24.61 21.74 19.80 17.86 15.90 13.93 11.96 

24.60 21.73 19.80 17.85 15.90 13.93 11.96 

24.59 21.72 19.70 17,85 15.89 13.93 11.95 

24.58 21.71 J9.78 17.84 15.89 13.93 11.95 

24.57 21.71 19.78 17.84 16.89 13.92 11.95 

24. .56 21.70 19.77 17.83 15.88 13.92 11.95 
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Table 3. — Radii 


Deg. 

D 




1 Radius R (ft ) 



R (ft.) 

Arc 

definition 

Chord 

definition 

D 

Arc 

definition 

Cliord 

definition 

1) 

Arc 

definition 

Chord 

definition 

■fyviu 

OO 

00 

r 0' 

5.729.58 

5,729.65 

2" 0' 

2,864.79 

2,864.93 

1 

343,774.7 

343.744.7 

1 

5,635.65 

5,635.72 

1 

2,841.11 

2,841.26 

2 

171,887.3 

171,887.3 

2 

5,544.75 

5,544.H3 

2 

2,817.83 

2,817.97 

3 

114,591.6 

114,691.6 

3 

5,456.74 

5,456.82 

3 

2,794.92 

2,795.06 

4 

85,943.7 

85,943.7 

4 

5,371.48 

5,371.56 

4 

2,772.38 

2,772.53 

5 

68,754.9 

68,754.9 

5 

5.288.84 

5,288.92 

5 

2,750.20 

2,750.35 

6 

57,295.8 

67,295.8 

6 

5,208.71 

5,208.79 

6 

2,728.37 

2,728.52 

7 

49,110.7 

49,110.7 

7 

5,130.97 

5,131.05 

7 

2,706.89 

2,707.04 

8 

42,971.8 

38,197.2 

42,971.8 

8 

5,055.51 

5,055.59 

8 

2,685.74 

2,685.89 

9 

38,197.2 

9 

4,982.24 

4,982.33 

9 

2,664.92 

r. 655.08 

10 

34,377.5 

34,377.5 

10 

4,911.07 

4,911.15 

10 

2,644.42 

2.644.58 

11 

31,252.2 

31,252.3 

11 

4,841.90 

4,841.98 

11 

2,624.23 

2,624.39 

12 

28,647.8 

28,647.9 

12 

4,774.65 

4.774.74 

12 

2,604.35 

2,604.51 

13 

26,444.2 

26,444.2 

13 

4,709.24 

4.709.33 

13 

2,584.52 

2.584.93 

14 

24,555.3 

24.555.4 

14 

4,645.60 

4,645.69 

14 

2,565.48 

2,565.65 

15 

22,918.3 

22,918.3 

15 

4,583.66 

4.523.35 

4,583.75 

15 

2,546.48 

2,546.64 

16 

21,485.9 

21,485.9 

16 

4,523.44 

16 

2,527.76 

2,527.92 

17 

20,222.0 

20.222.1 

17 

4,464.61 

4,464.70 

17 

2,509.30 

2,509.47 

18 

19,098.6 

19,098.6 

18 

4,407.37 

4,407.46 

18 

2,491.12 

2,491.29 


18,093.4 

18,093.4 

19 

4,351.58 

4,351.67 

19 

2,473.20 

2,473.37 

20 

17,188.8 

17,188.8 

20 

4,297.18 

4,244,13 

4,297.28 

20 

2,455.53 

2,455.70 

21 

16,370.2 

10,370.3 

21 

4,244.23 

21 

2,438.12 

2,438.29 

22 

15,626.1 

14,946.7 

15,626.2 

22 

4,192.37 

4,192.47 

22 

2,420.95 

2,421.12 

23 

14,946.8 

23 

4,141.86 

4,141.96 

23 

2,404.02 

2,404.19 

24 

14,324.0 

14,324.0 

24 

4,092.56 

4,092.66 

24 

2,387.32 

2,387.50 

25 

13,751.0 

13,751.0 

25 

4,044.41 

4,044.51 

25 

2,370.86 

2,371.04 

26 

13,222.1 

13,222.1 

26 

3,997.38 

3,997.48 

26 

2,354.62 
2,338 60 

2,354.80 

27 

12,732.4 

12,732.4 

27 

3,951.43 

3,951.54 

27 

2,338.78 

28 

12,277.7 

12,277.7 

28 

3,906.53 

3.906.64 

28 

2,322.80 

2,307.21 

2,322.98 

29 

11,854.3 

11,854.3 

29 

3,862.64 

3,862.64 

29 

2,307.39 

30 

11,459.2 

11,459.2 

30 

3,819.71 

3,819.83 

30 

2,291.83 

2,292.01 

31 

11,089.5 

11,089.6 

31 

3,777.74 

3,777.85 

31 

2,276.65 

2,276.84 

32 

10,743.0 

10,743.0 

32 j 

3,736.68 

3,736.79 

32 

2,261.68 

2,261.86 

33 

10,417.4 

10,417.5 

33 

3,696.50 

3.696.61 

33 

2,246.89 

2,247.08 

34 

10,111.0 

10.111.1 

34 

3,657.18 

3,657.29 

34 

2,232.30 

2,232.49 

35 

9,822.13 

9,822.18 

35 

3,618.68 

3,618.80 

35 

2,217.90 

2,218.09 

36 

9,549.30 

9,549.34 

36 

3,580.99 

3.581.10 

36 

2,203.68 

2,203.87 

37 

9,291.21 

9,291.25 

37 

3,544.07 

3,544.19 

37 

2,189.65 

2,189.84 

38 

i 9,046.70 

9,046.75 

38 

3,607.91 

3,508.02 

38 

2,175.79 

2,175.98 

39 

8,814.74 

8,814.78 

39 

3,472.47 

3,472.59 

39 

2,162.10 

2,162.30 


1 8,594.37 

8,594.42 

40 

3,437.75 

3,437.87 

40 

2,148.59 

2,148.79 

41 

8,384.75 

8,384.80 

41 

3,403.71 

3.403.83 

41 

2,135.25 

2,135.44 

42 

8,185.11 

8,185.16 

42 

3,37034 

3,370.46 

42 

2,122.07 

2,122.26 

43 

7,994.76 

7,994.81 

43 

8,337.62 

3,337.74 

43 

2.109.05 

2,109.24 

44 

7,813.06 

7,813.11 

44 

3,305.53 

3,305.65 

44 

2,096.19 

2,096.39 

45 

7,639.44 

7,639.49 

45 

3,274,05 

3.274.17 

45 

2,083.48 

2,083.68 

46 

7,473.86 

7,473.42 

46 

3,243.16 

3,243.29 

46 

2,070.93 

2,071.13 

47 

7,314.85 

7,314.41 

47 

3,212.85 

3,212.98 

47 

2,058.53 

2,058.73 

48 

7,161.97 

7,162.03 

48 

3,183.10 

3,183.23 

48 

2,046.28 

2,046.48 

49 

7,015.81 

7,015.87 

49 

3,153.90 

3,154.03 

49 

2,034.17 

2,034.37 

50 

6,875.50 

6,875.65 

50 

3,12532 

3,125.36 

50 

2,022J!0 

2,022.41 

51 

6,740.68 

6,740.74 

51 

3,097.07 

3,097.20 

51 

2,010.38 

2,010.59 

52 

6,611.05 

6,611.12 

6,486.38 

52 

3,069.42 

3,069.55 

52 

1,998.69 

1,998.90 

53 

6,48631 

53 

3,042.25 

3,042.39 

53 

1,987.14 

1,987.35 

54 

6,86630 

6,366.26 

54 

3,01537 

3,015.71 

54 

1,975.71 

1,975.93 

55 


6,250.61 

1 55 

2,98935 

2,989.48 

1 55 

1,964.43 

1,964.64 

56 


• 6,138.90 

1 66 

2,963.58 

2,963.72 

56 

1,953.27 

1,953.48 

67 


6,031.20 

' 67 

2,938 J15 

2,938.39 

57 

1,942J!3 

1,942.44 

58 

5,927.15 

6,927.22 

58 

2,91334 

2,913.49 

58 

1,981J2 

1,931.53 

59 

5,826391 

6,826.76 

59 

2,88836 

2.889.01 

59 

1,920.53 

1,920.75 

60 



60 

2,864.79 

2,864.93 

60 

1,909.86 

1,910.08 
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Table 3. — Radii — {Continued) 


Deg. 

D 

Radiufi 

nrm — 

Deg. 

}) 

j Radius R (ft.) 

Deg. 

D 

1 kadius R (k.) 

Arc 

definition 

Chord 

definition 

Arc 

definition 

Chord 

definition 

Arc 

definition 

Cliord 

definition 

6” 0' 

954.93 

955.37 

r 0 ' 

818.51 

819.02 

8“ 0' 

716.20 

716.78 

1 

952.28 

952.72 

1 

816.57 

817.08 

1 

714.71 

715.29 

2 

949.65 

950.09 

2 

814.63 

815.14 

2 

713.23 

713.81 

3 

947.04 

917.48 

3 

812.70 

813.22 

3 

711.75 

712.33 

4 

944.44 

944.88 

4 

810.79 

811.30 

4 

710.28 

710.87 

6 

941.85 

942.29 

5 

808.88 

809.40 

5 

708.81 

709.40 

6 

939.28 

939.72 

6 

806.98 

806.50 

6 

707.35 

707.94 

7 

936.72 

937.16 

7 

805.09 

805.61 

7 

705.90 

706.49 

8 

934.17 

934.62 

8 

803.21 

803.73 

8 

704.46 

705.05 

0 

931.64 

932.09 

9 

801.34 

801.86 

9 

703.02 

703.61 

10 

929.12 

929 57 

10 

799.48 

800.00 

10 

701.58 

702.18 

U 

926.62 

927.07 

11 

797.62 

798.14 

11 

700.16 

700.75 

12 

924.13 

924.58 

12 

795.78 

796.30 

12 

698.73 

699.33 

13 

921.65 

922.10 

13 

793.94 

794.46 

13 

697.31 

697.91 

14 

919.18 

919.64 

14 

792.11 

792.63 

14 

695.90 

696.50 

15 

916.73 

917.19 

15 

790.29 

790.81 

15 

694.49 

695.09 

16 

914.29 

914.75 

16 

788.47 

789.00 

16 

693.09 

693.70 

17 

911.87 

912.33 

17 

786.67 

787.20 

17 

691.70 

692.30 

18 

909.46 

909.92 

18 

784.87 

785.40 

18 

690.31 

690.91 

19 

907.06 

907.52 

19 

783.09 

783.62 

19 

688.92 

089.53 

20 

904.67 

905.13 

20 

781.31 

781.84 

20 

687.55 

688.16 

21 

902.30 

902.76 

21 

779.53 

780.07 

21 

686.18 

686.78 

22 

899.93 

900.40 

22 

777.77 

778.31 

22 

684.81 

685.42 

23 

897.58 

898.05 

23 

776.02 

776.55 

23 

683.45 

684.00 

24 

895.25 

895.71 

24 

774.27 

774.81 

24 

682.09 

682.70 

25 

892.92 

893.39 

25 

772.53 

773.07 

25 

680.74 

681.35 

26 

890.61 

891.08 

26 

770.80 

771.34 

26 

679.40 

680.01 

27 

888.31 

888.78 

27 

769.07 

769.61 

27 

678.06 

678.67 

28 

886.02 

886.49 

28 

767.35 

767.90 

28 

676.72 

677.34 

29 

883.74 

884.21 

29 

765.65 

766.19 

29 

675.39 

676.01 

30 

881.47 

881.95 

30 

763.94 

764.49 

30 

674.07 

674.69 

31 

879.22 

879.69 

31 

762.26 

762.80 

31 

672.75 

673.37 

32 

876.98 

877.45 

32 

760.66 1 

761.11 

32 

671.43 

672.06 

33 ! 

874.75 

875.22 

33 

758.88 

759.43 

33 

670.13 

670.75 

34 

872.52 

873.00 

34 

757.21 

757.76 

34 

668.82 

669.45 

35 

870.32 

870.79 

35 

755.55 

756.10 

35 

667.52 

668.15 

36 

868.12 

868.60 

36 

753.89 

754.44 

36 

666.23 

666.86 

37 

865.93 

866.41 

37 

752.24 

752.80 

37 

664.94 

665.57 

38 

863.76 

864.24 

38 

750.60 

751.16 

38 

663.66 

664.29 

39 

861.59 

862.07 

39 

748.96 

749.52 

39 

662.38 

663.01 

40 

859.44 

859.92 

40 

747.34 

747.89 

40 

661.11 

661.74 

41 

857.29 

857.78 

41 

745.72 

746.27 

41 

659.84 

660.47 

42 

855.16 

855.65 

42 

744.10 

744.66 

42 

658.57 

659.21 

43 

853.04 

853.53 

43 

742.49 

743.06 

43 

657.31 

657.95 

44 

850.93 

851.42 

44 

740.09 

741.46 

44 

656.06 

656.69 

45 

848.83 

849.32 

45 

739.30 

739.87 

45 

654.81 

655.45 

46 

846.74 

847.23 

46 

737.71 

738.28 

46 

653.56 

654.20 

47 

844.66 

846.15 

47 

736.13 

736.70 

47 

652.32 

652.96 

48 

842.59 

843.08 

48 

734.56 

735.13 

48 

651.09 

651.73 

49 

840.52 

841.02 

49 

733.00 

733.56 

49 

649.86 

650.50 

50 

838.47 

838.97 

50 

731.44 

732.01 

50 

648.53 

649.27 

51 

836.43 

836.93 

61 

729 J 8 

730.45 

51 

647.41 

648.05 

52 

834.40 

834.90 

62 

728.34 

728.91 

62 

646.19 

646.84 

53 

832.38 

832.88 

53 

726.80 

727.37 

53 

644.98 

646.63 

54 

880.37 

830.88 

54 

725.26 

725.84 

54 

643.77 

644.42 

55 

828.37 

828.88 

55 

723.74 

724.31 

55 

642.57 

643.22 

56 

826.38 

826.89 

66 

722.23 

722.79 

56 

641.37 

642.02 

57 

824.40 

824.91 

67 

720.70 

721.28 

67 

640.18 

640.83 

58 

822.43 

822.93 

58 

719.19 

719.77 

58 

638.99 

639.64 

59 

82046 

820.97 

59 

717,69 

718.27 

69 

687.80 

638.45 

60 

818.51 

819.02 

60 

716.20 

716.78 1 

60 

686.62 

637.27 
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Table 3. — Radii — (Continued) 
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Table 3. — Radii — {Continued) 
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Table 3. — Radii — (Continwd) 


Deg. 

D 

1 Radius jfe (ft.) 

Deg. 

D 

j feadius (ft.) 

Deg. 

D 

T MusTIft) '■ 

Arc 

definition 

Chord 

definition 

Arc 

definition 

Chord 

definition 

Arc 

definition 

Chord 

definition 

40“ 0' 

143.24 

146.19 

50“ 0' 

114.59 

118.31 

60“ 0' 

95.49 

100.00 

10 

142.64 

145.61 

10 

114.21 

117.94 

10 

95.23 

99.75 

20 

142.06 

145.03 

20 

113.83 

117.58 

20 

94.96 

99.50 

30 

141.47 

144.46 

30 

113.46 

117.21 

30 

94.70 

99.26 

40 

140.89 

143.89 

40 

113.08 

116.85 

40 

94.44 

99.00 

50 

140.32 

143.33 

50 

112.71 

116.50 

50 

94.18 

08.76 

41“ 0' 

139.74 

142.77 

51“ 0' 

112.34 

116.14 

61“ 0' 

93.93 

98.52 

10 

139.18 

142.22 

10 

111.98 

115.79 

10 

93.67 

98.27 

20 

138.62 

141.67 

20 

111.62 

115.44 

20 

93.42 

98.03 

30 

138.06 

141.13 

30 

111.25 

115.09 

30 

93.16 

97.79 

40 

137.51 

140.59 

40 

110.90 

114.74 

40 

92.91 

97.55 

50 

136.96 

140.05 

50 

110.54 

114.40 

50 

92.66 

97.32 

42“ 0' 

136.42 

139.52 

52“ 0' 

110.18 

114.06 

62“ 0' 

92.41 

97.08 

10 

135.88 

138.99 

10 

109.83 

113.72 

10 

92.16 

96.85 

20 

135.34 

138.47 

20 

109.48 

113.38 

20 

91.92 

96.61 

30 

134.81 

137.95 

30 

109.13 

113.05 

30 

91.67 

96.38 

40 

134.29 

137.44 

40 

108.79 

112.72 

40 

91.43 

96.15 

50 

133.76 

136.93 

50 

108.45 

112.39 

50 

91.19 

95.92 

43“ 0' 

133.25 

136.43 

53“ 0' 

108.11 

112.06 

63” 0' 

90.94 

95.69 

10 

132.73 

135.92 

10 

107.77 

111.73 

10 

90.71 

95.47 

20 

132.22 

135.43 

20 

107.43 

111.41 

20 

90.47 

95.24 

30 

131.71 

134.93 

30 

107.09 

111.09 

30 

90.23 

95.02 

40 

131.21 

134.44 

40 

106.76 

110.77 

40 

89.99 

94.80 

50 

130.71 

133.96 

50 

106.43 

110.45 

50 

89.76 

94.57 

44“ 0' 

130.22 

133.47 

54“ 0' 

106.10 

110.13 

64“ 0' 

89.52 

94.35 

10 

129.73 

132.99 

10 

105.78 

109.82 

10 

89.29 

94.13 

20 

129.24 

132.52 

20 

105.45 

109.51 

20 

89.06 

93.92 

30 

128.75 

132.05 

30 

105.13 

109.20 

30 

88.83 

93.70 

40 

128.27 

131.58 

40 

104.81 

108.89 

40 

88.60 

93.49 

50 

127.80 

131.12 

50 

104.49 

108.59 

50 

88.37 

93.27 

45“ 0' 

127.32 

1 130.66 

55“ 0' 

104.17 

108.28 

65“ 0' 

88.15 

93.06 

10 

126.85 

1 130.20 

10 i 

103.86 

107.98 

10 

87.92 

92.85 

20 

126.39 

129.75 

20 

103.55 

107.68 

20 

87.70 

92.64 

30 

125.92 

129.30 

30 

103.24 

107.38 

30 

87.47 

92.43 

40 

125.46 

128.85 

40 

102.93 

107.09 

40 

87.25 

92.22 

50 

125.01 

128.41 

50 

102.62 

106.79 

50 

87.03 

92.01 

46“ 0' 

124.56 

127.97 

56“ 0' 

102.31 

106.50 

66“ 0' 

86.81 

' 91.81 

10 

124.11 

127.53 

10 

102.01 

106.21 

10 

86.59 

91.60 

20 

123.66 

127,09 

20 

101.71 

105.92 

20 

86.38 

91.39 

30 

123.22 

126.66 

30 

101.41 

10.5.63 

30 

86.16 

91.19 

40 

122.78 

126.24 

40 

101.11 

105.35 

40 

85.94 

90.99 

50 

122.34 

125.81 

1 50 

100.81 

105.07 

50 

85.73 

90.79 

47“ 0' 

121.91 

125.39 

57“ 0' 

100.52 

104.89 

07“ 0' 

85.52 

90.59 

10 

121.48 

124.97 

10 

100.22 

104.51 

10 

85.30 

90.39 

20 

121.05 

124.66 

20 

99.93 

104.23 

20 

85.09 

90.19 

30 

120.68 

124.16 

30 

99.64 

103.95 

30 

84.88 

90.00 

40 

126.20 

123.74 

40 

99.36 

103.68 

40 

84.67 

89.80 

50 

119.78 

123 33 

50 

99.07 

103.40 

50 

84.46 

89.61 

48“ 0' 

119.37 

122.93 

58“ 0' 

98.78 

103.13 

68“ 0' 

84.26 

89.42 

10 

118.95 

122.53 

10 

98.60 

102.86 

10 

84.05 

89.22 

20 

118.54 

122.13 

20 

98.22 

102.60 

20 

83.85 

89.03 

30 

118.14 

121.74 

30 

97.94 

102.33 

30 

83.64 

88.84 

40 

117.73 

121.35 

40 

97.66 

102.06 

40 

83.44 

88.65 

50 

117.33 

120.96 

60 

97.39 

101.80 

50 

83.24 

88.46 

49“ O' 

116.93 

120.57 

59“ O' 

97.11 

101.59 

69“ O' 

83.04 

88.27 

10 

116.53 

120.19 

10 

96.84 

101.28 

10 

82.84 

88.09 

20 

116.14 

119.81 

20 

96.66 

101.02 

20 

82.64 

87.90 

30 

115.75 

119.43 

30 

96.30 

100.76 

30 

82 . 4 i 

87.72 

40 

11546 

119.05 

40 

96.03 

100.51 

40 

82.24 

87.54 

50 

11447 

118.68 

60 


100.25 

60 

82.06 

87.35 
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Table 3. — Radii — {Continued) 


Deg. 

D 

Radius (ft.) 

Deg. 

D 

1 Radius M (ft.) 

Dog. 

D 

Radius li (ft.) 

Arc 

(^Jhord 

Arc 

t3hord 

Arc 

Chord 

definition 

definilion 

definition 

definition 

definitinn 

definition 

70° 0' 

81.85 

87.17 

79° 0' 

72.53 

78.01 

88° 0' 

65.11 

71.98 

10 

81.66 

86.99 

10 

72.37 

78.48 

10 

64.98 

71.87 

20 

81.46 

86.81 

20 

72.22 

78.33 

20 

64.86 

71.76 

30 

81.27 

86.63 

30 

72.07 

78.19 

30 

64.74 

71.6.5 

40 

81.08 

86.46 

40 

71.92 

78.00 

40 

64.62 

71.55 

50 

80.89 

86.28 

50 

71.77 

77.92 

50 

64.50 

71.44 

71° 0' 

80.70 

86.10 

80° 0' 

71.62 

77.78 

89° 0' 

64.38 

71. .33 

10 

80.51 

8.5.93 

10 

71.47 

77.05 

10 

64.26 

71.23 

20 

80.32 

8.5.75 

20 

71.32 

77.52 

20 

64.14 

71.13 

30 

80.13 

85.. 58 

30 

71.17 

77.38 

30 

64.02 

71.02 

40 

79.95 

85.41 

40 

71.03 

77.25 

40 

63.90 

70.92 

50 

79.76 

85.24 

50 

70.88 

77.12 

50 

63.78 

70.81 

72° 0' 

79.58 

85.07 

81° 0' 

70.74 

76.99 

90° 0' 

63.66 

70.71 

10 

79.39 

84.89 

10 

70.59 

70 80 

10 

63..54 

70.61 

20 

79.21 

84.73 

20 

70.44 

7(5 7.3 

20 

63.43 

70.51 

30 

79.03 

84.. 56 

30 

70.30 

70.(50 

30 

63.31 

70.40 

40 

78.85 

84.39 

40 

70.16 

76 47 

40 

63.19 

70.30 

50 

78.67 

84.25 

50 

70.02 

70.34 

50 

63.08 

70.20 

73° 0' 

78.49 

84.07 

82° 0' 

69.87 

76.21 

91° 0' 

62.96 

70.10 

10 

78.31 

83.89 

10 

69.73 

70.09 

10 

62.85 

70.00 

20 

78.13 

83.73 

20 

69.59 

75.90 

20 

62.73 

69.90 

30 

77.95 

S.3..57 

30 

69.45 

75.83 

30 

62.62 

69.80 

40 

77.78 

83.40 

40 

69.31 

7.5.71 

40 

62.50 

69.70 

50 

77.60 

83.24 

50 

69.17 

75.58 

50 

62.39 

69.61 

74° 0' 

77.43 

83.08 

83° 0' 

69.03 

75.45 

92° 0' 

62.28 

69 51 

10 

77.25 

82.92 

10 

68.89 

75.33 

10 

62.16 

69.41 

20 

77.08 

82.76 

20 

68.75 

75.21 

20 

62.05 

69.31 

30 

76.91 

82.60 

30 

68.62 

75.09 

30 

61.94 

69.22 

40 

76.74 

82.45 

40 

68.48 

74.97 

40 

61.83 

69.12 

50 

76.56 

82.29 

50 

68.34 

74.84 

50 

61.72 

69.03 

75° 0' 

76.39 

82.13 

84° O'l 

68.21 

74.72 

93° 0' 

61.61 

68.93 

10 

76.22 

81.98 

10 

68.07 

74.(50 

10 

61.50 

68.83 

20 

1 76.06 

81.82 

20 

67.94 

74.48 

20 

61.39 

68.74 

30 

75.89 

81.67 

30 

67.81 . 

74.30 

30 

61.28 

68.65 

40 

75.72 

81.52 

40 

67.67 

74.25 

40 

61.17 

68.55 

50 

75.65 

81.37 

50 

67.54 

74.11 

50 

61.06 

68.45 

76° 0' 

75.39 

81.22 

85° 0' 

67.41 

74.00 

94° 0' 

60.95 

68.36 

10 

75.22 

81.06 

10 

67.27 

73.89 

10 

60.84 

68.27 

20 

75.06 

80.91 

20 

67.14 

73.78 

20 

60.74 

68.18 

30 

74.90 

80.77 

30 

67.01 

73.00 

30 

60.63 

68.09 

40 

74.73 

80.61 

40 

66.88 

73..54 

40 

69.52 

68.00 

60 

74.57 

80.47 

50 

66.75 

73,43 

50 

60.42 

67.91 

77° 0' 

74.41 

80,32 

86° 0' 

66.62 

73.32 

9.5° 0' 

60.31 

67.81 

10 

74.25 

80.17 

10 

66.49 

73.20 

10 

60.21 

67.72 

20 

74.09 

80.03 

20 

66.36 

73.09 

20 

60.10 

67.64 

30 

73.93 

79.88 

30 

66.24 

72.97 

30 

60.00 

67.56 

40 

73.77 

79.74 

40 

66.11 

72.86 

40 

59.89 

67.46 

50 

73.61 

79,59 

50 

65.98 

72,75 

60 

59.79 

67.37 

78° 0' 

72.53 

79.45 

87° 0' 

65.86 

72.64 

96° 0' 

59.68 

67.28 

10 

73.30 

79.31 

10 

65.78 

72.53 

10 

59.58 

67.19 

20 

73.14 

79.17 

20 

65.61 

72.42 

20 

59.48 

67.11 

30 

72.99 

79.03 

30 

65.48 

72.31 

30 

59.37 

67.02 

40 

72.83 

78.89 

40 

65.36 

72.20 

40 

69.27 

66.93 

60 

72.68 

78.75 

50 

65.23 

72.09 

50 

59.17 

66.85 
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Table 4. — Deflections and Chords for Even Radiytb 
Curves 
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Table 5. — Arc Lengths for Radius = 1 


Deg . 


1:03 

length 

Min . 


■SB 

\mwTT^im 

1 

0.0174633 

61 

1 . 0646608 

1 

0.0002909 

1 

0.0000048 

2 

0.0349066 

62 

1.0821041 

2 

0.0006818 

2 

0.0000097 

3 

0.0623699 

63 

1.0996574 

3 

0.0008727 

3 

0.0000146 

4 

0.0698132 

64 

1.1170107 

4 

0.0011636 

4 

0.0000194 

5 

0 . 0872665 

65 

1 . 1344640 

6 

0.0014644 

6 

0.0000242 

6 

0. 1047198 

66 

1.1519173 

6 

0.0017463 

6 

0.0000291 

7 

0. 1221730 

67 

1 . 1693706 

7 

0.0020362 

7 

0.0000339 

8 

0. 1396263 

68 

1 . 1868239 

8 

0.0023271 

8 

0.0000388 

9 

0. 1570796 

69 

1 . 2042772 

9 

0.0026180 

9 

0.0000436 

10 

0. 1745329 

70 

1.2217306 

10 

0.0029089 

10 

0.0000486 

11 

0. 1919862 

71 

1.2391838 

11 

0.0031998 

11 

0.0000633 

12 

0.2094395 

72 

1 2666371 

12 

0.0034907 

12 

0.0000682 

13 

0 . 2268928 

73 

1 . 2740904 

13 

0.0037815 

13 

0.0000630 

14 

0.2443461 

74 

1.2915436 

14 

0.0040724 

14 

0.0000679 

15 

0.2617994 

76 

1 . 3089969 

15 

0.0043633 

16 

0.0000727 

IG 

0 2792527 

76 

1 . 3264602 

16 

0.0046542 

16 

0 . 0000776 

17 

0 . 2967060 

77 

1 . 3439036 

17 

0.0049461 

17 

0.0000824 

18 

0.3141593 

78 

1.3613668 

18 

0.0052360 

18 

0.0000873 

19 

0.3316126 

79 

1.3788101 

19 

0 . 0056269 

19 

0.0000921 

20 

0.3490659 

80 

1 3962634 

20 

0.0068178 

20 

0.0000970 

21 

0.3666191 

81 

1 4137167 

21 

0.0061087 

21 

0.0001018 

22 

0.3839724 

82 

1.4311700 

22 

0.0063996 

22 

0.0001067 

23 

0.4014267 

83 

1 . 4486233 

23 

0 0066904 

23 

0.0001116 

24 

0.4188790 

84 

1 . 4660766 

24 

0.0069813 

24 

0.0001164 

25 

0 . 4363323 

86 

1 . 4835299 

26 

0.0072722 

26 

0.0001212 

26 

0 4637856 

86 

1 . 5009832 

26 

0.0076631 

26 

0.0001261 

27 

0.4712389 

87 

1.5184364 

27 

0 . 0078640 

27 

0.0001309 

28 

0.4886922 

88 

1 . 6358897 

28 

0.0081449 

28 

0.0001367 

29 

0 5061455 

89 

1.5533430 

29 

0.0084368 

29 

0.0001406 

30 

0,5235988 

90 

1 . 6707963 

30 

0.0087266 

30 

0.0001464 

31 

0.6410621 

91 

1 . 5882496 

31 

0.0090176 

31 

0.0001603 

32 

0 , 5685064 

92 

1 . 6067029 

32 

0.0093084 

32 

0.0001661 

33 

0.6759687 

93 

1 .6231562 

33 

0.0095993 

33 

0.0001600 

34 

0.6934119 

94 

1.6406096 

34 

0.0098902 

34 

0.0001648 

35 

0.6108662 

95 

1 . 0680628 

36 

0.0101811 

35 

0.0001697 

36 

0.6283185 

96 

1.6766161 

36 

0.0104720 

36 

0.0001746 

37 

0.6457718 

97 

1 . 6929694 

37 

0.0107629 

37 

0.0001794 

38 

0.6632251 

98 

1.7104227 

38 

0.0110538 

38 

0.0001842 

39 

0.6806784 

99 

1 . 7278760 

39 

0.0113446 

39 

0.0001891 

40 

0.6981317 

100 

1 . 7463293 

40 

0.0116366 

40 

0.0001939 

41 

0.7166860 

101 

1 . 7627825 

41 

0.0119264 

41 

0.0001988 

42 

0.7330383 

102 

1 . 7802358 

42 

0.0122173 

42 

0.0002036 

43 

0.7604916 

103 

1.7976891 

43 

0.0126082 

43 

0.0002086 

44 

0.7679449 

104 

1.8151424 

44 

0.0127991 

44 

0.0002133 

45 

0.7863982 

106 

1 . 8326967 

46 

0.0130900 

46 

0.0002182 

46 

0.8028515 

106 

1 . 8600490 

46 

0.0133809 

46 

0.0002230 

47 

0.8203047 

107 

1 . 8676023 

47 

0.0136717 

47 

0.0002279 

48 

0.8377680 

108 

1 . 8849556 

48 

0.0139626 

48 

0.0002327 

49 

0.8662113 

109 

1 . 9024089 

49 

0.0142636 

49 

0.0002376 

60 

0.8726646 

110 

1.9198622 

60 

0.0146444 

50 

0.0002424 

61 

0.8901179 

111 

1.9373156 

51 

0.0148363 

51 

0.0002473 

62 

0.9075712 

112 

1 . 9547688 

62 

0.0161262 

62 

0.0002621 

63 

0.9250245 

113 

1.9722221 

53 

0.0164171 

63 

0.0002570 

64 

0.9424778 

114 

1 . 9896753 

64 

0.0167080 

64 

0.0002618 

66 

0.9699311 

116 

2.0071286 

55 

0.0169989 

66 

0.0002666 

66 

0.9773844 

116 

2.0245819 

56 

0.0162897 

66 

0.0002716 

67 

0.9948377 

117 

2.0420352 

67 

0.0166806 

67 

0.0002763 

68 

1.0122910 

118 

2 . 0594886 

58 

0.0168716 

68 

0.6002812 

69 

1 . 0297443 

119 

2.0769418 

59 

0.0171624 

69 

0.0002860 

60 

1.0471976 

120 

2.0943951 

60 

0.0174533 

60 

0.0002909 
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Table 6. — Inner and Outer Parallel Circular Curves 
Values of a and j for radial distance = 10 ft. 

Sec page 127 
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Table 6. — Inner and Outer Parallel Circular Curves — 
{Continued). 

Values of a and j for radial distance = 10 ft. 

See pafije 127 
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Table 6. — Inner and Outer Parallel Circular Curves — 
(Continued). 

Values of a and j for radial distance = 10 ft 
See page 127 
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Table 6. — Inner and Outer Parallel Circular Curves — 
(Continued) . 

Values of a ard j for radial distance == 10 ft. 

See page 127 
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Table 6. — Inner and Outer Parallel Circular Curves — 
(Continued). 

Values of a and j for radial distance = 10 ft. 

See page 127 
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Table 7. — ^Valttes op x and y fob the Unit Spiral op Length 
100 Ft. 


e 

X 

y 

e 

X 

y 

0 

X 

y 

b b 
o o 

o o 
O 

100.000 

99 . 997 

1 0.000 
0.682 

b 

o 

o 

99.851 

4.068 

13 ® 00 ' 

99.486 

7.535 

10 

.996 

0.679 

10 

.843 

4.165 

10 

.473 

7.631 

20 

.994 

0.776 

20 

.836 

4.261 

20 

.459 

7.727 

30 

.993 

0.873 

30 

.828 

4.358 

30 

.446 

7.823 

40 

.991 

0.970 

40 

.820 

4.466 

40 

.432 

7.918 

60 

.990 

1.067 

60 

.813 

4.551 

50 

.419 

8.014 

o 

o 

.988 

1.164 

o 

o 

0 

00 

.806 

4.648 

o 

O 

o 

.405 

8.110 

10 

.986 

1.261 

10 

.797 

4.745 

10 

.390 

8 206 

20 

.983 

1 . 358 

20 

.788 

4.841 

20 

.376 

8.301 

30 

.981 

1.464 

30 

.780 

4.938 

30 

.361 

8.397 

40 

.978 

1.651 

40 

.771 

5.034 

40 

.346 

8.493 

50 

.976 

1.648 

60 

.763 

6.131 

60 

.332 

8.588 

3 ° 00 

.973 

1.745 

9 ° 00 

.754 

6.227 

15 ° 00 

.317 

8.684 

10 

.969 

1.842 

10 

.744 

5.323 

10 

.301 

8.780 

20 

.966 

1.939 

20 

. 735 

5.420 

20 

.286 

8.875 

30 

.962 

2.036 

30 

.726 

5.616 

30 

.270 

8.971 

40 

.958 

2.132 

40 

.716 

5.612 

40 

.264 

9.066 

60 

.955 

2.229 

50 

,706 

6.709 

50 

.239 

9.162 

0 

O 

o 

.951 

2.326 

10 ® 00 

.696 

6.805 

16 ® 00 

.223 

9.257 

10 

.947 

2.423 

10 

.685 

5.901 

10 

.206 

9.362 

20 

.942 

2.620 

20 

.676 

5.998 

20 

.190 

9.447 

30 

.938 

2.617 

30 

.664 

6.094 

30 

.173 

9.543 

40 

.933 

2.713 

40 

.653 

6.190 

40 

.166 

9.638 

50 

.929 

2.810 

60 

.643 

6.287 

50 

.140 

9.733 

6 ° 00 

.924 

2.907 

11 ® 00 

,632 

6.383 

o 

o 

o 

.123 

9.828 

10 

.918 

3.004 

10 

.620 

6.479 

10 

.106 

9.923 

20 

.913 

3.101 

20 

.609 

6.575 

1 20 

.088 

10.018 

30 

.907 

3.198 

30 

.697 

6.671 

30 

.071 

10.113 

40 

.901 

3.294 

40 

.686 

6.767 

40 

.053 

10.208 

50 

.896 

3.391 

60 

.574 

6.863 

50 

.036 

10,303 

6 ° 00 

,890 

3.488 

o 

O 

O 

.562 

6.969 

18 ° 00 

.018 

10.398 

10 

.884 

3.686 

10 

.549 

7.055 

10 

.000 

10.493 

20 

.877 

3.681 

20 

,637 

7.161 

20 

98.981 

10.688 

30 

.871 

3.778 

30 

.524 

7.247 

30 

.962 

10.683 

40 

.864 

3.876 

40 

.611 

7.343 

40 

.943 

10.777 

60 

.858 

3.971 

50 

.499 

7.439 

oO 

.925 

10.872 
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Table 7. — Values of x and y for the Unit Spiral of Length 
100 Ft. — {Continued) 


e 

X 

■ 



■ 

d 

X 

y 

19 ® 00 ' 

98.906 

■ 



H 

31 ® 00 ' 

97.112 

17.661 

10 

.886 

11.062 

10 

.087 

14.441 

10 

.081 

17.753 

20 

.867 

11.156 

20 

.062 

14.534 

20 

.050 

17.843 

30 

.847 

11.251 

30 

.037 

14.627 

30 

.019 

17.934 

40 

.827 

11.346 

40 

.011 

14.720 

40 

96.988 

18.025 

50 

.807 

11.440 

60 

97.986 

14.812 

50 

.966 

18.116 

20 ® 00 

.788 

11.636 

26 ® 00 

.960 

14.906 

32 ® 00 

.925 

18.206 

10 

.768 

11.629 

10 

.934 

14.998 

10 

.893 

18.297 

20 

.747 

11.724 

20 

.907 

15.090 

20 

.862 

18.388 

30 

.727 

11.818 

30 

.881 

15.183 

30 

.830 

18.478 

40 

.707 

11.912 

40 

.865 

15.276 

40 

.798 

18.568 

60 

.686 

12.007 

60 

.828 

15.368 

50 

.765 

18.659 

o 

O 

o 

.665 

12.101 

27 ® 00 

.802 

15.461 

33 ® 00 

.733 

18.749 

10 

.644 

12.196 

10 

.776 

15.653 

10 

.700 

18.840 

20 

.622 

12.289 

20 

.748 

15.645 

20 

.668 

18.929 

30 

.601 

12.383 

30 

.721 

15.737 

30 

.635 

19.019 

40 

.579 

12.477 

40 

.693 

15.829 

40 

.602 

19.109 

50 

.658 

12.671 

50 

.666 

15.921 

60 

.669 

19.198 

22 ® 00 

.536 

12.666 

28 ® 00 

.638 

16.014 

34 ® 00 

.536 

19.288 

10 

.614 

12.769 

10 

.610 

16.106 

10 ' 

.502 

19.378 

20 

.491 

12.852 

20 

.682 

16.198 

20 

.469 

19.467 

30 

.469 

12.946 

30 

.654 

16.290 

30 

.436 

19.557 

40 

.446 

13.040 

40 

.626 

16.382 

40 

.401 

19.647 

50 

.424 

13.134 

60 

.497 

16.473 

50 

.366 

19.736 

23 ® 00 

,401 

13.228 

29 ® 00 

.469 

16.666 

35 ° 00 

.332 

19.826 

10 

,378 

13.321 

10 

.440 

16.667 

10 

.298 

19.916 

20 

.354 

13.415 

20 

.410 

16.748 

20 

.263 

20.005 

30 

.331 

13 . 508 

30 

.381 

16.840 

30 

.229 

20.094 

40 

.307 

13.602 

40 

.362 

16.931 

40 

.194 

20.183 

50 

.284 

13.695 

60 

.322 

17.023 

50 

.159 

20.272 

24 ® 00 

.260 

13.789 

30 ® 00 

.293 

17,114 

36 ® 00 

.124 

20.361 

10 

.235 

13.882 

10 

.263 

17.206 

10 

.088 

20.460 

20 

.211 

13.975 

20 

.233 

17.297 

20 

.063 

20.638 

30 

486 

14.068 

30 

.203 

17.388 

30 

.017 

20.627 

40 

.161 

14.161 

40 

.173 

17.479 

40 

96.981 

20.716 

50 

.137 

14.255 

50 

.142 

17.670 

50 

.946 

20.805 
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Table 7. — Values of x and y fob the Unit Spiral of Length 
100 Yt.— {C ontinued) 


d 

X 

y 

e 

X 

y 

6 

X 

y 

37 ° 00 ' 

96.910 

20 . 893 

43 ° 00 ' 

94.513 

24 . 028 

49 ° 00 ' 

92.930 

27 . 052 

10 

.873 

20 981 

10 

.471 

24.113 

10 

.884 

27.134 

20 

.837 

21.070 

20 

.430 

24.199 

20 

.837 

27.217 

30 

.800 

21.158 

30 

.388 

24 . 284 

30 

.790 

27.299 

40 

.763 

21 246 

40 

.346 

24 . 370 

40 

.743 

27 . 381 

60 

.727 

21 . 335 

50 

.303 

24 . 455 

50 

.695 

27.462 

38 ° 00 

.690 

21.423 

44 ° 00 

.261 

24 . 540 

50 ° 00 

.648 

27.544 

10 

.653 

21.511 

10 

.218 

24 . 626 

10 

.599 

27.626 

20 

.615 

21 . 598 

20 

.176 

24.710 

20 

.551 

27 . 708 

30 

.578 

21 . 686 

30 

.133 

24 . 795 

30 

.504 

27.789 

40 

.540 

21.774 

40 

.090 

24.880 

40 

.457 

27.870 

60 

.503 

21.861 

50 

.048 

24.965 

50 

.409 

27 . 962 

39 ° 00 

.465 

21.949 

45 ° 00 

.005 

26.049 

51 ° 00 

.362 

28.033 

10 

.427 

22 037 

10 

93.962 

25.133 

10 

.313 

28.115 

20 

.389 

22 124 

20 

. 918 ! 

25.217 

20 

.266 

28.196 

30 

.361 

22.212 

30 

.875 

25.302 

30 

.216 

28.276 

40 

.312 

22 , 298 

40 

.831 

25.386 

40 

. 167 

28.357 

60 

.274 

22.385 

50 

.788 

25.470 

50 

.118 

28.437 

40 ° 00 

.235 

22 . 473 

46 ° 00 

.744 

25.654 

52 ° 00 

-070 

28.518 

10 

.196 

22 . 660 

10 

.700 

25.639 

10 

.021 

28.599 

20 

.156 

22.648 

20 

.655 

25.722 

20 

91.973 

28.679 

30 

.117 

22.735 

30 

.611 

25.806 

30 

.924 

28.760 

40 

.077 

22 . 822 

40 

.666 

25.890 

40 

.875 

28.841 

60 

.038 

22.909 

50 

.522 

26.973 

50 

.826 

28.921 

o 

o 

94.999 

22.996 

47 ° 00 

.477 

26.057 

53 ° 00 

.776 

29.001 

10 

.959 

23 . 081 

10 

.432 

26.140 

10 

.726 

29.081 

20 

.919 

23.168 

20 

.387 

26 . 223 

20 

.677 

29.161 

30 

.879 

23 . 254 

30 

.342 

26 . 306 

30 

.627 

29.241 

40 

.839 

23.341 

40 

.297 

26.390 

40 

.677 

29.320 

60 

.799 

23.427 

60 

.252 

26.473 

60 

.626 

29.400 

42 ° 00 

.769 

23.613 

48 ° 00 

.206 

26.556 

54 ° 00 

.476 

29.479 

10 

.718 

23.699 

10 

.160 

26.639 

10 

.425 

29.559 

20 

.677 

23.686 

20 

.114 

26.722 

20 

.376 

29.637 

30 

.636 

23.771 

30 

.068 

26.806 

30 

.324 

29.716 

40 

.595 

23.857 

40 

.022 

26.887 

40 

.273 

29.795 

60 

.564 

23.942 

60 

92.976 

26.970 

60 

.221 

29.873 
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Table 8. — Values op k and p fob the Unit Spiral of Length 
100 Ft. 


e. 

k 

P 

d. 

k 

P 

0 a 

k 

P 

0° 00' 
1° 00' 

50 . 000 

49 . 999 

1 0.000 

0 146 

b 

o 

49.975 

. 1.018 

13® 00' 

49.914 

1 . 887 

10 

.999 

. 170 

10 

.974 

1.042 

10 

.912 

1.911 

20 

.999 

.194 

20 

.972 

1 1.066 

20 

.910 

1.935 

30 

.999 

.218 

30 

.971 

1.090 

30 

.908 

1.960 

40 

.999 

.243 

40 

.970 

1 1.115 

40 

.905 

1.984 

50 

.998 

.267 

50 

.968 

1.139 

50 

. 903 

2.008 

2^ 00 

.998 

.291 

8® 00 

.967 

1 . 163 

o 

O 

O 

.901 

2.032 

10 

.998 

.315 

10 

.966 

1.187 

10 

.899 

2.066 

20 

.997 

.339 

20 

.964 

1 211 

20 

.896 

2.080 

30 

.997 

.363 

30 

.963 

1.236 

30 

.893 

2.104 

40 

.996 

.387 

40 

.962 

1.260 

40 

.891 

2.128 

60 V 

.996 

.411 

50 

.960 

1.284 

50 

.889 

2. J62 

3° 00 

.995 

.435 

9® 00 

.959 

1.308 ! 

15® 00 

.886 

2.176 

10 

.996 

.459 

10 

.957 

1.332 

10 

.883 

2.200 

20 

.994 

.484 

20 

.956 

1.356 

20 

.881 

2.224 

30 

.994 

.508 

30 

.954 

1.380 

30 i 

.878 

1 2.248 

40 

.993 

.632 

40 

.952j 

1.404 

40 

.876 

2.272 

60 

.993 

.557 

50 

.951 

1.429 

50 

.873 

2.296 

o 

o 

0 

.992 

.581 

o 

o 

O 

o 

.949 

1.463 

16® 00 

.870 

2.320 

10 

.991 

.605 

10 

.947 

1.477 

10 

.867 

2.344 

20 

.990 

.630 

20 

.946 

1.501 

20 

.865 

2.368 

30 

.990 

.654 

30 

.944 

1 . 525 

30 

.862 

2.393 

40 

.989 

.678 

40 

.942 

1.660 

40 

.869 

2.417 

60 

.988 

.703 

50 

.941 

1.674 

50 

.867 

2.441 

5° 00 

.987 

.727 

o 

o 

o 

.939 

1.698 

17® 00 

.854 

2.466 

10 

.986 

.761 

10 

.937 

1.622 

10 

.861 

2.489 

20 

.986 

.776 

20 

.935 

1.646 

20 

.848 

2.513 

30 

.986 

.799 

30 

.933 

1.670 

30 

.845 

2.636 

40 

.984 

.824 

40 

.931 

1.696 

40 

.842 

2.660 

60 

.983 

.848 

60 

.929 

1.719 

60 

.839 

2.684 

6® 00 

.982 

.872 

12® 00 

.927 

1.743 

18® 00 

.836 

2.608 

10 

.981 

.896 

10 

.926 

1.767 

10 

.833 

2.632 

20 

.980 

.921 

20 

.923 

1.791 

20 

.830 

2.666 

30 

.978 

.946 

30 

.921 

1.815 

30 

.827 

2.680 

40 

.977 

.969 

40 

.918 

1.839 

40 

.823 

2.704 

60 

.976 

.994 

60 

.916 

1.863 

60 

.820 

2.728 
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Table 8. — Values of h and p fob the Unit Spiral of Length 
100 Ft. — (Continued) 



k 

V 


k 

V 

B , 

k 

P 

19° 00' 

49.817 

2 752 

25° 00' 

49.684 

3.611 

31° 00' 

49.516 

4.462 

10 

.814 

2.776 

10 

.680 

3.635 

10 

.611 

4.485 

20 

.811 

2.800 

20 

.675 

3.669 

20 

.605 

4.609 

80 

.808 

2 824 

30 

.671 

3.683 

80 

.500 

4.532 

40 

.804 

2.848 

40 

.667 

3.706 

40 

.496 

4.666 

50 

.801 

2.872 

50 

.662 

3.730 

50 

.490 

4.579 

20° 00 

.798 

2.896 

26° 00 

.658 

3.753 

32° 00 

.484 

4.602 

10 

.794 

2.920 

10 

.654 

3.777 

10 

.479 

4.626 

20 

.791 

2.944 

20 

.650 

3.801 

20 

.474 

4.649 

80 

.787 

2.968 

30 

.645 

3.826 

30 

.469 

4.673 

40 

.784 

2 992 

40 

.641 

3.849 

40 

.463 

4.696 

50 

.780 

8.016 

50 

.637 

3.872 

50 

.458 

4.720 

21° 00 

.777 

1 3.040 

c 

o 

o 

.632 

3.896 

33° 00 

. 462 

4.743 

10 

.773 

3.064 

10 

.627 

3.920 

10 

.446 

4.766 

20 

.770 

3.087 

20 

.623 

3.943 

20 

.441 

4.790 

30 

.766 

3.111 

30 

.618 

3.967 

30 

.436 

4.813 

40 

.762 

3.135 

40 

.614 

3.990 

40 

.430 

4.836 

60 

.769 

3.159 

50 

.609 

4.014 

60 

.424 

4.860 

22° 00 

t .766 

3.183 

28° 00 

.605 

4.037 

34° 00 

.419 

4.883 

10 

.752 

3.207 

10 

1 .600 

4.061 

10 

.413 

1 4.906 

20 

.748 

3.230 

20 

1 .595 

4.084 

20 

.407 

4.930 

30 

,746 

3.264 

30 

.590 

4.108 

30 

.401 

4.953 

40 

.741 

3.278 

40 

.685 

4.132 

40 

.396 

4.976 

, 60 

.737 

3.302 

60 

.681 

4.166 

60 

.390 

5.000 

23° 00 

.733 

3.326 

29° 00 

.676 

4.179 

36° 00 

.384 

6.023 

10 

.729 

3 . 350 

10 

.571 

4.203 

10 

.379 

6.046 

20 

.725 

3.373 

20 

.666 

4.226 

20 

.373 

6.070 

30 

.721 

3.397 

30 

.561 

4.250 

30 

.367 

6.093 

40 

.717 

3.421 

40 

.656 

4.274 

40 

.361 

6.116 

60 

.713 

3.445 

50 

.661 

4.297 

50 

.366 

6.140 

24’ 00 

,709 

3.469 

30° 00 

.646 

4.321 

36° 00 

.349 

6.163 

10 

.706 

3.493 

10 

.541 

4.344 

10 

.343 

5.186 

20 

.701 

3.516 

i 20 

.636 

4 . 368 

20 

.337 

5.209 

oao 

.697 

3.540 

30 

.531 

4.391 

30 

.331 

5.232 

.40 

.693 

3.564 

40 

.626 

4.415 

40 

.326 

5.255 

V 60 

,688 

3.587 

50 

.621 

4.438 

I 50 

1 

.319 

6.278 
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Table 8. — Values of k and p for the Unit Spiral of Length 
100 Ft. — (Continued) 


e . 

k 

V 



fl 

H 

n 

■ 

37 ° 00 ' 

49.313 

5.301 



■ 



6.943 

10 

.307 

5.324 

10 

.068 

6.153 

10 

.797 

6.965 

20 

.301 

5.348 

20 

.061 

6.176 

20 

.789 

6.987 

30 

.295 

5.371 

30 

.054 

6.198 

30 

.781 

7.010 

40 

.289 

6.394 

40 

.047 

6 221 

40 

.773 

7.032 

60 

.282 

6.418 

50 

.040 

6.244 

50 

.766 

7.065 

38 ° 00 

.276 

5.441 

8 

0 

.033 

6.267 

60 ° 00 

.767 

7.077 

10 

.269 

5.464 

10 

.025 

6.290 

10 

.749 

7.099 

20 

.263 

5.487 

20 

.018 

6.312 

20 

.741 

7.122 

30 

.256 

5.510 

30 

.011 

6.335 

30 

. 733 

7.144 

40 

.250 

5.633 

40 

.004 

6.368 

40 

.726 

7 166 

60 

.244 

6.566 

50 

48.997 

6.380 

50 

.716 

7.189 

39 ° 00 

.238 

5.679 

45 ° 00 

.990 

6.403 

61 ° 00 

.708 

7.211 

10 

.231 

5.602 

10 

.982 

6.426 

10 

.700 

7 . 233 

20 

.225 

5.625 

20 

.976 

6 448 

20 

.691 

7.266 

30 

.218 

5.648 

30 

.967 

6.470 

30 

.683 

7.278 

40 

.212 

5.671 

40 

.969 

6.493 

40 

.676 

7.300 

50 

.206 

5.695 

50 

.952 

6.516 

60 

.666 

7.322 

40 ° 00 

.199 

: 5.718 

46 ° 00 

.944 

6.638 

52 ° 00 

.658 

7.344 

10 

.192 

5.741 

10 

.936 

6.661 

10 

.660 

7.366 

20 

.186 

5.763 

20 

,929 

6.683 

20 

.641 

7.389 

30 

.178 

6.786 

30 

.921 

6.606 

30 

.633 

7.411 

40 

.172 

6.809 

40 

.914 

6.629 

40 

.624 

7.433 

60 

.166 

5.832 

60 

i .906 

6.661 

60 

1 .616 

7.466 

8 

o 

.159 

6.865 

47 ° 00 

.899 

6.674 

63 ° 00 

.607 

1 7.477 

10 

.152 

5.878 

10 

.891 

6.696 

10 

.698 

7.499 

20 

. 145 

6.901 

20 

.884 

6.719 

20 

.690 

7.621 

30 

.138 

5.924 

30 

.876 

6.741 

30 

.681 

7.643 

40 

.131 

6.947 

40 

.868 

6.763 

40 

.673 

7.666 

60 

.124 

5.970 

60 

.860 

6.786 

60 

.664 

7.687 

42 ° 00 

.118 

5.993 

48 ° 00 

.862 

6.808 

64 ° 00 

.656 

7.609 

10 

.111 

6.016 

10 

.844 

6.830 

^ 10 

.547 

7.631 

20 

.104 

6.038 

20 

.837 

6.853 

20 

.538 

7.653 

30 

.097 

6.061 

30 

.829 

6.876 

30 

.529 

7.675 

40 

.090 

6.084 

40 

.821 

6.808 

40 

.620 

7.697 

50 

.082 

6.107 

60 

.813 

6.920 

60 

.512 

7.719 
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Table 10.— Deflections from the T.S. to Any Point on a Spiral — [Continued) 
I Disbance ratio = l/h = I 
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\ Distance ratio = l/U = I 
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Table 10.— Deflections from the T.S. to Any Point on a Spiral— (C on/in wed) 
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Table 10 - Deflections fkom the T.S. to Any Point on a {Continued) 
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Table 10. — Deflections from the T.S. to Any Point on a Spiral — (Continued) 
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Table 10. — Deflections from the T.S. to Any Point on a Spiral — {Continued) 
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Table 10. — Deflections from the T.S. to Any Point on a Spiral — {Continued) 
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Table 10 . — Deflections prom the T.S. to Ant Point on a Spiral — (CorUinued) 
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Table 10 —Deflections from the T.S. to Any Point on a Spiral— (C ontinued) 

I Distance ratio = l/l, = i 
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Table 10. — Deflections from the T.S. to Ant Point on a Spiral — (Continued) 
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Table 10. — Deflections from the T.S. to Ant Point on a Spiral — (Continued) 

Distance ratio ^1/1,= I 
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Table 10. — Deflections from the T.S. to Ant Point on a {Continued) 
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Table 10. — Deflections from the T.S. to Ant Point on a Spiral — {Continued) 
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Table 10. — Deflections fkom the T.S. to Any Point on a Spiral — {Continued) 
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Table 10 . — Deflection^s from the T.S. to Axy Point ox a Spiral — {Continued) 
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Table 10. — Deflections from the T.S. to Any Point on a Spiral — {Continued) 
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Table 10. — Deflections from the T.S. to Any Point on a Spiral — {Continued) 
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Table 10. — Deflections from the T.S. to Any Point on a Spiral — {Continued) 

Spiral Distance ratio = I / I , = 


TABLES 


311 




US 00 o> 


»«CON.OOO> OrHC'lPO'rtf 

rH r-l 1-1 fH (MNINNCQ 


»ClcDhs.QOOJO 

(N(N<N(N(MC 0 


o 

doooo 

005©©05 

« © 1-- © 

© © © 

94i-iO©9-© 

o 

doddd 

0 © © © © 

94CO©-^CO 

© © © © © 
© 1-1 © © l-H 

© © © © © 
© © rH © © 

©©©©00© 

-H©©-H©© 


1-1 W CO 


© 

© 


00 © 

00 

cb»D'^eoco 

94i-<OOON. 

©©■^©1-1 

0©9-©nf< 

940©©49 94 

Oi 

Oi 

05 05 05 05 05 
C0»Oi-icO»O 

© © © © 00 
l-ICO©r-ICO 

©©©©© 

©l-l©©i-l 

od 9- t-- 1 - 9 . 

© © l-H © © 

t-9-©©©cd 

r-l©©i-l©© 


T-I 94 

CO rf< 

© 

© 

t- 

© © 

CD 

C4005r>.»o 

^94000© 

Tf(940©© 

■^9409-© 

9409- *<9 1-1© 

Oi 

Oi 

05 05 00 00 00 
eo»Oi-HCO»D 

oOQOooi^r>. 

i-(CO©r-(CO 

r-i^4^©© 

©^©©i-H 

© © © © © 
©©rH©© 

©© 191949 © 

tH©©t-l©© 


94 

fO Tt< 

© © 

9- 

© © 


00 CO CO rH 00 

©COO«© 

©©9-Tjl 1-1 

© © 94 © © 

94©©94©© 

OS 

00 00 00 00 r- 

C0»O*-HC0»O 

l^t^r^©© 

-^co©»-tco 

© © © © © 
©i-(ro©r-< 

^19^©© 

©©l-H©© 

© 94 94 94 1 - 1 1-1 
l-H©©-!©© 


-H ^ 

CO 

© © 

9- 

00 © 

94 


00 -^ —I©-*** 

i-H>.©0© 

94©©rHj> 

© ©i9 0 © 

Oi 

a> 

ooooi^i^t^ 

eO»Dr-icO*D 

©©©ID© 
l-HCO © »-l« 

©l-l©©l-l 

©94 94 94 1-4 

©©l-C©© 

1-1 0 0 d © © 
T-(©©i-i94r9 


Sh ^ 

CO ^ 

© 

© 


00 05 

o 

©CD 94 00-^ 

O©r^t-eo 

©i^4©©-H 

I- 94 9 . 94 © 

©©©©©9- 

Oi 

Oi 

O0l^t>-©CP 

COkfJi-lCOiC 

©©©■^J4nJ» 

1-1 CO©--!© 

©W©94C4 

©i-<©©i-» 

-H d d © 

©©i-i©-^ 

©©©9-t^CD 

©94i9©94i9 


^ 94 

CO -eft 

*0 CO 

9 - 

0 0 

© © 

00 

©1-Ht'.94b. 

94 9-941^94 

1^94 9-1-1© 

i-l©0'9© 

©9-94cDO'^ 

00 

05 

f~ © © >o 

CO^i-iCO© 

©rt<i9eoW 

1 -ico© r-(eo 

94 94-^1-hO 

©»-l©©r-l 

0©©©9> 

©■411094 

9- CD © © © 19 
094 19094 19 


iM 94 

09 

© 

© 

9- 

00 © 

% 

C4t-»^©0 

'^©cot'-'-t 

© © © C- 1-1 

©©©©0 

■^9 t-- -1 *(9 9- 0 

CO 

05 

^-©©©© 

eo©^co© 

'■9COWC4 94 

l-<© © 1-t© 

IHOO©© 

© 1 -I©- 1 * 1 © 

«9-9-©CD 
94 19094 -^Ji 

© 19 19 © 94 94 
094 19094 i9 


Sh §s4 

0 0 

CO 

0 0 

IT) ^ 


00 © 

05 

00 94©©eO 

©0©9-0 

©9-0©© 

©94©©i-i 

i9 In. © 91 19 9- 

eo©»d^’«9 

co©^co»c 

eO©94— 

i-(eo©i-i© 

SSSSfe 

©©©iKili 
94 *19094 

©94 -^- 10 © 
094 19094© 


1-1 94 

0 0 

w 

© © 

9- 

© © 

94 

^r»oco© 

©-H-9©© 

i-*«i9©©iH 

i9©©094 

i9cD©094M 

00 

05 

©©©i^co 

eo©i-ico© 

94 94fHO© 
tHCO©i-i94 

©QOt^©© 
i«J<OC4 11*^0 

© ■49 © ©’ 94 ’ 
94^094 i9( 

1-1 0 © © © 9- 
094©©i-t« 

o 

0 0 
tH 94 

0 0 

eo -ij< 

© © 

0 

0 0 

© © 


deo©©« 

094-»tt©« 

0 »-<co©© 

00©i-i94*c9 

©C0 9-©©i-< 

oO 

05 

©«'^«eo94 

CO©iHCOO 

94t-fOg5© 

»h©©094 

obt^cOkc^ 

©94 941-HO 

94 *<9094 49 

oioot^cpoio 

IC CO 10 1 -^ CO 

d 

S 4 

0 0 

W 

0 

0 

CD 

0 

9- 

So % 


r 


Oo^CSICO-^ tOcOboOOO O^C^CC-^ tOONOOOiO 
tH tH Tl r-1 iH i-trHiHiHi-i Cl 94 94 94 M 94 94 CO 



312 HIGHWAY SURVEYING AND PLANNING 


Table 1 1 . — Tangents and Externals for the Unit Double- 
spiral Curve. 

length of each spiral = 100 feet. 

Spiral angle = ^A. 
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Table 11. — Tan'gen'ts and Externals for the Unit Double- 
spiral Curve — (Continued). 

Length of each spiral == 100 feet. 

Spiral angle = 4 A- 


A 

T. 

Eh 

A 

T» 

Eh 

A 

Ts 

Eh 

3(1“ 00' 

102 396 

10 933 

42“ 00' 

103.310 

12.962 

48“ 00' 

104 397 

15 094 

10 

419 

.988 

10 

.338 

13 020 

10 

430 

. 155 

20 

.442 

11.043 

20 

.366 

,077 

20 

.463 

.216 

30 

.465 

.098 

30 

.394 

.135 

30 

. 496 

.277 

40 

.489 

153 

40 

.422 

.193 

40 

.530 

.338 

50 

.513 

.209 

50 

.450 

.251 

50 

.564 

.400 

37 00 

.537 

.264 

43 00 

.479 

309 

49 00 

.598 

.461 

10 

.561 

319 

10 

.508 

.367 

10 

.632 

.523 

20 

.585 

375 

20 

.536 

.425 

20 

.666 

.584 

30 

.609 

431 

30 

.565 

.484 

30 

.701 

.646 

40 

. 633 

.486 

40 

.594 

.542 

40 

.735 

.70S 

60 

. 657 

.542 

50 

.624 

.mo 

50 

.770 

.770 

3a 00 

.682 

.598 

44 00 

.653 

.659 

50 00 

.805 

.832 

10 

.707 

. 654 

10 

.682 

.718 

10 

.840 

.894 

20 

.731 

.710 

20 

.712 

.777 

20 

875 

.956 

30 

.756 

.766 

30 

.742 

.836 

30 

,910 

16.018 

40 

.781 

.822 

40 

.772 

.895 

40 

.946 

.081 

50 

.807 

.879 

50 

.802 

.954 

50 

.981 

.143 

39 00 

.831 

.935 

45 00 

.832 

14.013 

51 00 

105.017 

.206 

10 

.857 

.991 

10 

.862 

.072 

10 

.053 

.269 

20 

.882 

12.048 

20 

.892 

.132 

20 

.088 

.332 

30 

.908 

.105 

30 

.923 

1 .191 

30 

.124 

.394 

40 

.934 

.161 

40 

.953 

.251 

40 

.160 

.468 

50 

.960 

.218 

50 

.984 

.310 

50 

.197 

.621 

40 00 

.987 

.275 

46 00 

104.015 

.370 

62 00 

.233 

.684 

10 

103.012 

.332 

10 

.046 

.430 

10 

.269 

.647 

20 

.039 

.389 

20 

.077 

.490 

20 

.306 

.711 

30 

.065 

.446 

30 

.108 

.549 

30 

.343 

.774 

40 

.092 

.503 

40 

.140 

.610 

40 

.379 

.838 

50 

.118 

.660 

50 

.171 

.670 

60 

.416 

.902 

41 00 

.146 

.617 

47 00 

.203 

.730 

53 00 

.453 

.966 

10 

.173 

.674 

10 

.235 

.790 

10 

.491 

17.030 

20 

.200 

.732 

20 

.267 

.851 

20 

.628 

.094 

30 

.227 

.789 

30 

.299 

.911 

30 

.566 

.168 

40 

.255 

.847 

40 

.332 

.972 

46 

.604 

.223 

50 

.282 

.904 

. 50 

.364 

16.033 

50 

.642 

.287 
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Table 11. — Tangents and Externals for the Unit Double- 
spiral Curve — {Continued) . 

Length of each spiral = 100 feet. 

Spiral angle = JA. 


A 

To 

E » 

A 

Tx 

Ex 

A 

Ts 

Ex 

54° 00' 

105.680 

17.352 

60° 00' 

107.174 

19.761 

66° 00' 

108.910 

22.355 

10 

718 

.417 

10 

.218 

.830 

1 10 

.962 

.430 

20 

757 

.481 

20 

.203 

.900 

20 

109.014 

.505 

30 

.790 

.540 

30 

.309 

.970 

30 

.067 

.580 

40 

.835 

.011 

40 

.354 

20.040 

40 

.119 

.656 

50 

.874 

,677 

50 

.400 

.110 

50 

.172 

.731 

55 00 

.913 

.742 

61 00 

.446 

.180 

67 00 

.225 

.807 

10 

.953 

.807 

10 

.491 

.250 

10 

278 

.883 

20 

.992 

.872 

20 

.537 

.321 

20 

,332’ 

.959 

30 

100.032 

.938 

30 

.584 

.391 

30 

.386 

23.036 

40 

.072 

18 004 

40 

.630 

.462 

40 

.440 

.112 

50 

.113 

.070 

50 

.677 

.533 

50 

.494 

.189 

56 00 

.153 

.137 

62 00 

.724 

.604 

68 00 

.548 

.266 

10 

.194 

.203 

10 

.771 

.675 

10 

.602 

.343 

20 

.234 

.269 

20 

.818 

.746 

20 

.657 

.420 

30 

.275 

.336 

30 

.865 

.818 

30 

.712 

.498 

40 

.316 

.402 

40 

913 

.889 

40 

.767 

.575 

50 

.358 

1 

.469 

50 

961 

.961 

50 

.822 

.653 

57 00 

.399 

.536 

63 00 

108.009 

21.033 

69 00 

.877 

.731 

10 1 

.441 

.603 

10 

.057 

.105 

10 

.933 

.809 

20 

.482 

.670 

20 

.105 

.177 

20 

.989 

.888 

30 

.524 

.737 

30 

.154 

1 .250 

30 

110.045 

.966 

40 

.566 

.805 

40 

.203 

.322 

40 

.101 

24.046 

50 

.609 

.872 

50 

.252 

.395 

50 

.158 

.124 

68 00 

.651 

.940 

64 00 

i .301 

.468 

70 00 

.215 

.203 

10 

.694 

19.008 

10 

1 .351 

.541 

10 

j .272 

.282 

20 

.737 

.075 

20 

.400 

.614 

20 

.330 

.362 

30 

.779 

.143 

30 

.450 

.688 

30 

.387 

.442 

40 

.823 

! .211 

40 

.501 

.761 

40 

1 .445 

.622 

50 

.866 

.280 

50 

.561 

.835 

50 

.503 

.602 

50 00 

.909 

.348 

66 00 

.602 

.909 

71 00 

.561 

.682 

10 

.953 

.416 

10 

.653 

.983 

10 

.620 

.762 

20 

.997 

.485 

20 

.704 

22.067 

20 

.679 

.843 

30 

107.041 

.554 

30 

.765 

.131 

30 

.738 

.924 

40 

.084 

.623 

40 

.807 

.206 

40 

.797 

25.005 

50 

.129 

.696 

50 

.858 

.280 

50 

,866 

j .086 
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Table 11. — Tangents and Externals for the Unit Dotjble- 
BPiRAL Curve — (Continued), 

Length of each spiral = 100 feet. 

Spiral angle = JA. 















316 HIGHWAY SURVEYING AND PLANNING 


Table 11. — Tangents and Externals for the Unit Double- 


spiral Curve — (Continued). 
Length of ejich spirnl = 100 feet. 
Spiral angle = |A. 


A 

T , 


A 

Tc 

Es 

A 

L 

E , 

90” 00 

119.054 

35.424 

96” 00' 

122.698 

39.688 

102” 00' 

126 980 

44.544 

10 

.148 

.535 

10 

.808 

.814 

10 

127.109 

.689 

20 

.242 

.647 

20 

.918 

941 

20 

.239 

.834 

30 

.336 

.759 

30 

123.029 

40.068 

30 

370 

.980 

40 

.431 

.872 

40 

.140 

. 195 

40 

.501 

45.127 

50 

.526 

.985 

50 

.252 

.323 

50 

.633 

.274 

91 00 

.622 

36 098 

97 00 

.364 

.4.52 

103 00 

765 

.422 

10 

.718 

.212 

10 

.477 

..581 

10 

.898 

.670 

20 

.815 

.320 

20 

.590 

.710 

20 

128.032 

.719 

30 

.911 

.440 

30 

.704 

.840 

30 

.166 

.869 

40 

120 009 

.555 

40 

.818 

,971 

40 

.301 

46.019 

50 

.107 

.670 

50 

.933 

41.102 

50 

.437 

.170 

92 00 

.205 

.780 

98 00 

124.048 

.233 

104 00 

.673 

.321 

10 

.304 

.902 

10 

.104 

.365 

10 

.710 

.473 

20 

.403 

37.019 

20 

.280 

.498 

20 

.848 

.626 

30 

.502 

.130 

30 

.397 

.631 

30 

.986 

.779 

40 

.003 

.253 

40 

.615 

.764 

40 

129 125 

.933 

50 

.703 

.371 

50 

.633 

.898 

50 

.265 

47.088 

93 00 

.804 

.489 

99 00 

.751 

42.033 

105 00 

.405 

.243 

10 

.905 

.608 

10 

.870 

.168 

10 

.546 

.399 

20 

121.007 

.727 

20 

.990 

.303 

20 

.688 

.656 

30 

.109 

.846 

30 

125.110 

.439 

30 

.830 

.713 

40 

.212 

,960 

40 

,231 

.676 

40 

.973 

.871 

60 

.315 

38.086 

50 

.362 

.713 

50 

130.117 

48.030 

94 00 

.419 

.207 

100 00 

.474 

.851 

106 00 

.261 

.189 

10 

.623 

.328 

10 

.696 

.989 

10 

.406 

.349 

20 

.029 

.449 

20 

.719 

43.127 

20 

.552 

.509 

30 

.732 

.571 

30 

.843 

.266 

30 

.698 

.670 

40 

.838 

.693 

40 

.967 

.406 

40 

.846 

.832 

m 

.944 

.816 

60 

126.091 

.646 

50 

.993 

.995 

95 00 

122.050 

.939 

101 00 

.216 

.687 

107 00 

131.142 

49.158 

10 

.157 

39.063 

10 

.342 

.828 

10 

.291 

.322 

20 

.264 

.187 

20 

.468 

.970 

20 

.441 

.487 

30 

.372 

.311 

30 

.595 

44.113 

30 

.592 

.652 

40 

.480 

1 .430 

40 

.723 

.266 

40 

.744 

.818 

60 

.589 

1 .662 

1 

50 

.851 

.400 

50 

.896 

.985 
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Table 12. — Functions of the Spiral Which Is Compounded 
WITH A 1° Circular Curve 

Note: The spiral is compounded at the S.C. of tiie circular 
curve whose central portion remains unchan g:ed, while its ends 
are sharpened to provide clearance for the spiral. 


d, = 
spiral 
angle 

a = 

distance 
from 
P.C. to 
T.S. 
(ft.) 

length 

of 

spiral 

(ft.) 

100 

L 

y = 
offset 
from 
P.Ch to 
spiral 
(ft.) 

Ds = 
degree-of- 
curve of 
spiral 
100 ft. 
from the 
T.S. 
(deg.) 

(p = 

spiral 

deflection. 

for the 
1st 100 ft. 
of spiral 
(mill.) 

9» == 
spiral 
angle 

4° 

200.0' 

600 0' 

0. 16667 

0.52' 

0.22222° 

2.22222' 

4° 

5 

250 0 

750.0 

0. 13333 

0.81 

0 17778 

1.77778 

5 

6 

300.0 

899.9 

0.11112 

1.17 

0.14818 

1.48181 

6 

7 

350.0 

1 ,049.8 

0.095261 

1.59 

0.12703 

1 . 27032 

7 

8 

400.0 

1,199.7 

0.08335 

2 07 

0.11117 

1 .11166 

8 

9 

450.0 

1 , 349 6 

0.07410 

2.62 

0 09882 

0.98824 

9 

10 

500.0 

1,499.6 

0.06669 

3.24 

0.08894 

0.88936 

10 

11 

550 . 0 

1 ,649 3 

0.06063 

3.92 

0.08088 

0.80877 

11 

12 

599.9 

1 ,799.1 

0.05558 

4.67 

0.07415 

0.74148 

12 

13 

649 . 9 

1 ,948.8 

0.05131 

^.48 

0.06846 

0.68460 

13 

14 

699.9 

2,098.5 

0.04765 

6.36 j 

0.06358 

0.63582 

14 

15 

749.9 

2,248.2 

0.04448 

7.31 

0.05935 

0.59354 

15 

16 

799.9 

2,397.7 

0.04171 

8.33 

0.05566 

0.55662 

16 

17 

849.8 

2,547.3 

0.03926 

9.41 

0.05240 

0.52,198 

17 

18 

899 . 8 

2,696.9 

0.03708 

10.56 

0.04950 

0.49496 

18 

19 

949.8 

2,846.3 

0.03513 

11.78 

0.04690 

0.46905 

19 

20 

999.8 

2.995.6 

0.03338 

13.06 

0.04457 

0.44575 

20 

21 

1,049.7 

3,145 0 

0.03180 

14.41 

' 0.04246 

0.42463 

21 

22 

1,099.7 

3,294.2 

0.03036 

15.83 

0.04055 

0 . 40547 

22 

23 

1,149.6 

3,443.3 

0.02904 

17 32 

0.03880 

0.38798 

23 

24 

1,199.5 

3,592.5 

0.02784 

18.88 

0.03719 

0.37192 

24 

25 

1,249.4 

3,741.5 

0.02673 

20.51 

0.03572 

0.35717 

25 

26 

1,299.3 

3,890.4 

0,02570 

22.21 

0.03436 

0.34357 

26 

27 

1,349.3 

4,039.2 

0.02476 

23.98 

0.03310 , 

0.33098 

27 

28 

1,399.2 

4,188.1 

0.02388 

25.83 

0.03193 

0.31927 

28 

29 

1,449.1 

4,336.7 

0.02306 

27.75 

0.03084 

0.30840 

29 

30 

1,499.0 

4,485.2 

0.02230 

29.74 

0.02982 

0.29825 

30 


For any other degree-of -curve ( = i>); 
divide the values of a, l», and yhy D\ 


miUtiplj/ ~j- by D; 
multiply Dt and by D®. 
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Table 13. — Functions op the Spiral Which Is Compounded 
WITH A Circular Curve of Radius 10,000 P"t. 

Note: The spiral is compounded at the S.C. of the circular 
curve whose central portion remains unchanged, while its ends 
are sharpened to provide clearance for the sjural. 


ds = 
spiral 
angle 

a = 

distance 
from 
p,r, to 
T.S. 

(ft.) 

h = 

length 

spiral 

(ft.) 

100 

is 

V = 
off.set 
from 
P.U. to 
spiral 

(ft.) 

Ds = 
degree-of- 
curve of 
spiral 

too ft. i 

from the 
T.S. 
(deg.) 

<p = 

spiral 
defied ion 
for the 

1st 100 fi. 
of spiral 
(min.) 

0, = 

spiral 

angle 

4° 

349 . 1' 

1,047.2' 

0.09549 

0.91' 

0 07295° 

0.729,51 

4° 

5 

436.3 

1,309.0 

0.07639 

1 .41 

0.05836 

0.583O1 

5 

6 

623.6 

1,570.6 

0.06367 

2.04 

0.04864 

0 . 18645 

6 

7 

610.9 

1,832.2 

0.06468 

2.78 

0.04170 

0.41702 

7 

8 

698.1 

2,093.9 

0.04776 

3.61 

0.03649 

0.36494 

8 

9 

785.4 

2,355.6 

0.04246 

4.57 

0.03244 

0 . 32442 

9 

10 

872.7 

2,617.3 

0.03821 

5.65 

0.02020 

0.29196 

10 

11 

969.9 

2,878.6 

0.03474 

6.84 

0.02055 

0.26550 

11 

12 

1,047.0 

3,140.0 

0.03184 

8.15 

0.02434 

0.24341 

12 

13 

1,134.3 

3,401.3 

0.02M0 

j 9.56 

0.02247 

0.22474 

13 

14 

1,221.6 

3,662.6 

0.02730 

11.10 

0.02087 

0 20873 

14 

16 

1,308.8 

3,923.8 

0.02549 

12.76 

0.01048 

0.19485 

15 

16 

1 , 396 . 1 

4,184.8 

0.02390 

14.54 

0.01827 

0.18273 

16 

17 

1,483.2 

4,446.9 

0.02249 

16.42 

0.01720 

0 17201 

17 

18 

1,670.4 

4,707.0 

0.02125 

18.43 

0.01625 

0.16249 

18 

19 

1,657.7 

4,967.7 

0.02013 

20.66 

0.01540 

0.15398 

19 

20 

1,745.0 

5,228.3 

0.01913 

22.79 

0.01463 

0.14633 

20 

21 

1,832.1 

5,489.1 

0.01822 

25.16 

0.01394 

0.13940 

21 

22 

1,919.3 

5,749.5 

0.01739 

27.63 

0.01331 

0.13311 

22 

23 

2,006.4 

6,009.7 

0.01664 

30.23 

0.01274 

0.12737 

23 

24 

* 2,093.5 

6,270.1 

0.01595 

32.95 

0.01221 j 

0.12209 

24 

25 

2,180.6 

0,301.5 

0.01532 

36.80 

e. 01172 

0.11725 

25 

26 

2,267.7 

6,790.0 

0.01473 

38.76 

0.01128 

0.11279 

26 

27 

2,355.0 , 

.7,049.7 

0.01419 

41.86 

0.01086 

0.10866 

27 

28 

2,442.1 

7,309.6 

0.01368 

45.08 

0.01048 

0.10481 

28 

29 

2,629.2 

7,669.0 

0.01321 

48.43 

0.01012 

0.10124 

29 

30 

2,616.2 

7,828.1 

0.01279 

61.91 

1 

0.00979 

0.09791 

30 


For any other radiua (R ) ; 
divide the values oi a, h and y by • 
100 ^ 10,000 


midtiply by 


R 


, . , / 10 , 000 \» 

rnulttply D, and by I — ^ — I • 


10,000 

R ’ 
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Table 14 . — OffsetvS Locating a Modified 200 - ft. Spiral 


lVri)endicul;ir offsets from the 
tangent (ft.) 


Radial offsets from the circle 
(ft.) 


of 

curve 

n 

At 

T.R. 

P.C. 

P.C 

P.C. 

P.C. 

At 

P^C. 

P.C. 

P.C. 

P.C. 

PC. 

At 

S.C. 



PC. 

-80' 

-60' 

-40' 

-20' 

+20' 

+40' 

+ 60' 

+ 80' 

P.C. 



-100' 










4 100' 

5" 00' 

0 00 

0 01 

0 0 .5 

0 16 

0 37 

0 73 

1 08 

1,29 

1 40 

1,44 

1.45 

5 

30 

0 00 

0 01 

0 05 

0 17 

0 41 

0 80 

1 19 

1,43 

1 55 

1 59 

1 60 

6 

00 

0 00 

0 01 

0 06 

0 19 

0 45 

0 87 

1 29 

1.55 

1 08 

1 73 

1.74 

G 

30 

0 00 

0 01 

0 06 

0 21 

0.49 

0 05 

1 40 

1.68 

1.83 

1 88 

1.89 

7 

00 

0 00 

0 01 

0 07 

0 22 

0 52 

1 02 

1 51 

1.81 

1 97 

2.03 

2 04 

7 

30 

0 00 

0 01 

0 07 

0 24 

0.56 

1 09 

1 62 

1 94 

2 11 

2.17 

2 18 

8 

00 

0 00 

0 01 

0 07 

0 25 

0 59 

1 16 

1 73 

2 08 

2 26 

2 32 

2 33 

8 

30 

0 00 

0 01 

0,0.8 

0 27 

0 63 

1 23 

1 84 

2 21 

2 40 

2 46 

2 47 

ft 

00 

0 00 

0 01 

08 

0 28 

0 67 

1 31 

1 05 

2 34 

2 54 

2,61 

2 62 

9 

30 

0 00 

0 01 

0 09 

0 30 

0 71 

1 38 

2 05 

2 47 

2 67 

2 75 

2 76 

10 

00 

0 00 

0 01 

0 09 

0 31 

0 74 

1 45 

2 10 

2 60 

2 82 

2 90 

2.91 

10 

30 

0 00 

0 01 

0 10 

0 33 

0.78 

1 53 

2 27 

2,72 

2 96 

3 04 

3 05 

11 

00 

0 00 

0 01 

0 10 

0 35 

0 82 

1 60 

2 38 

2 85 

3 10 

3 19 

3 20 

11 

30 

0 00 

0 01 

0 11 

0 36 

0 86 

1 67 

2 48 

2 98 

3 24 

3 33 

3 34 

12 

00 

0,00 

0 01 

0 11 

0 38 

0 89 

1 74 

2 59 

3 11 

3 38 

3 48 

3.49 

12 

30 

0,00 

0 01 

0.12 

0 39 

0 93 

1.82 

2 70 

3 24 

3 51 

3 62 

3 63 

18 

00 

0 00 

0 02 

0 12 

0 41 

0 97 

1 89 

2 80 

3 37 

3 65 

3 76 

3 77 

13 

30 

0 00 

0 02 

0.13 

0 42 

1 00 

1 96 

2 91 

3,50 

3 79 

3 90 

3 92 

14 

00 

0 00 

0 02 

0 13 

1 0 44 

1 04 

2 03 

3 02 

3 .62 

3 93 

4 04 

4 06 

14 

30 

0.00 

0 02 

0.13 

0 45 

1 08 

2 10 

3 13 

3 75 

4 07 

4 19 

4 21 

15 

00 

0 00 

0 02 

0.14 

0 47 

1 12 

2 18 

3 23 

3 88 

4 21 

4 33 

4.35 

1.5 

30 

0 00 

0 02 

0.14 

0 40 

1.15 

2 25 

3 34 

4.01 

4 35 

4.48 

4 50 

16 

00 

0 00 

0 02 

0 15 

0 50 

1.19 

2.32 

3 45 

4 14 

4 49 

4 62 

4 64 

16 

30 

0 00 

0 02 

0.15 

0 52 

1.22 

2 39 

3 56 

4 27 

4 63 

4,77 1 

4 79 

17 

00 

0 00 

0 02 

0 16 

0 53 

1 26 

2 47 

3 67 

4 40 

4 77 

4 91 

4 93 

17 

30 

0,00 

0 02 

0.16 

0.55 

1 30 

2.54 

1 3 77 

4.53 

4 91 

5,05 

5 07 

18 

00 

0.00 

0 02 

0 17 

0 56 

1 34 

2.61 

3 88 

4 66 

5 05 

5 20 

6 22 

18 

30 

0,00 

0 02 

0.17 

0.58 

1 37 

2 68 

3 90 

4 78 

5.19 

5,34 

5.36 

19 

00 

0 00 

0.02 

0 18 

0 59 

1 41 

2 75 

4.09 

4 91 

5.33 

5.48 

5 50 

19 

30 

0 00 

0 02 

0 18 

0 61 

1 44 

2 82 

4 20 

5 04 

5,47 

5 63 

6.65 

20 

00 

0.00 

0 02 

0 19 

0 63 

1 48 

2 90 

4 31 

5 17 

5 61 

5 77 

5 79 

20 

30 

0 00 

0 02 

0 19 

0 64 

1.52 

2 97 

4 42 

5 30 

5 75 

6 92 

5 94 

21 

00 

0 00 

0 02 

0.19 

0 66 

1 56 

3 04 

4.52 

5 42 

5 89 

6 06 

6,08 

21 

30 

0 oc 

0 02 

0 20 

0.67 

1 59 

3 11 

4 03 

5.55 

6,03 

6 20 

6 22 

22 

00 

0 00 

0 03 

0 20 

0 69 

1 63 

3 18 

4.74 

5.68 

6 17 

6 34 

6 37 

22 

30 

0 00 

0 03 

0 21 

0.70 

1.66 

3.25 

4 85 

5.81 

6.30 

6 48 

6 51 

23 

00 

0.00 

0 03 

0.21 

0 72 

1 70 

3.33 

4 95 

5 94 

6 44 

6 62 

6 05 

23 

30 

0 00 

0 03 

0 22 

0 73 

1 74 

3.40 

5 06 

6.07 

6.58 

6.77 

6 80 

24 

00 

0 00 

0.03 

0 22 

0.75 

1 78 

3 47 

5.16 

6.19 

6 72 

6 91 

6.94 

24 

30 

0 , 00 

0.03 

0 23 

0 76 

1.81 

3.54 

5.27 

6.32 

6 85 

7 05 

7.08 

25 

00 

0 00 

0.03 

0.23 

0 78 

1.85 

3.61 

5.37 

6.44 

6.99 

7.19 

7 22 


Note: The middle portion of the circular curve is shifted inward by the amount of the 
offset at the S.C. 
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Table 15 (Part 1). — Extra Area of Spiral Portions of 
Widened Pavement 

Area of both portions ~ ^ — B (sq. yd.), 

where L — length of eacli 1 . spiral; 

/ = maximum central widening. 

Based on normal width of pavement = 16 ft. 

Values of B : 






/ 

= 














Os 











1.0' 

1.5' 

2.0' 

2.6' 

3.0' 

3 . 5' 

4,0' 

4.5' 



0 11 

0.17 

0.23 

0.29 

0 . .35 

0 42 

0.49 

0.56 

5° 

10 

0.22 

0 33 

0.46 

0.58 

0 7! 

0 84 

0.98 

1 13 

10 

16 

0.33 

0.60 

0 68 

0.87 

1.06 

1.26 

1.47 

1 69 

15 

20 

0.43 

0.66 

0.91 

1.16 

1.42 

1 69 

1 . 97 

2.25 

20 

25 

0.54 

0.83 

1.13 

1.44 

1.77 

2.11 

2.46 

2.82 

25 

30 

0.65 

1.00 

1 . 36 

1.73 

2 12 

2.53 

2.95 

3 38 

30 

36 

0.76 

1.16 

1.58 

2.02 

2.48 

2 95 

3.44 

3.95 

36 

40 

0.87 

1 . 33 

1.81 

2.31 

2.83 

3 . 37 

3.93 

4.51 

40 

46 

0.97 

1.49 

2 04 

2.60 

3 18 

3.79 

4.42 

5.07 

45 

60 

1.08 

1.66 

2.26 

2.89 

3.54 

4.21 

4.91 

5.64 

50 

66 

1.19 

1.83 

2.49 

3.18 

3.89 

4.64 

5.40 

6.20 

55 

60 

1.30 

1,99 

2.71 

3.47 

4.25 

5.06 

5 90 

6 76 

60 

66 

1.41 

2.16 

2.94 

3.76 

4 60 

5 48 

6.39 

7 . 33 

65 

70 

1.62 

2.32 

3. 17 

4.04 

4.96 

5.90 

6.88 

7.89 

70 

di 




/ 

= 




a 

5.0' 

5.6' 

6.0' 

6.5' 

7.0' 

8.0' 

9.0' 

10.0' 

(Ts 


6° 

0.64 

0.72 

0.80 

0.88 

0.96 

1.14 

1.32 

1.62 

5^ 

10 

1.28 

1.43 

1.59 

1.75 

1.92 

2.27 

2.65 

3.04 

10 

15 

1.91 

2.15 

2.39 

2.63 

2.88 

3.41 

3 97 

4.56 

16 

20 

2.66 

2.86 

3.18 

3.51 

3.85 

4 . 56 

6.29 

6.08 

20 

26 

3.19 

3.58 

3.97 

4.39 

4.81 

5.69 

6.62 

7.60 

26 

30 

3.83 

4.29 

4.77 

6.26 

6.77 

6.83 

7.94 

9. 11 

30 

36 

4.47 

5.01 

5.57 

6.14 

6.73 

7.96 

9.26 

10.63 

36 

40 

5.11 

5.72 

6.36 

7.02 

7.69 

9.10 

10.69 

12. 15 

40 

46 

6.76 

6.44 

7.16 

7.89 

8.65 

10.24 

11.91 

13 . 67 

45 

60 

6.38 

7.16 

7.95 

8.77 

9,61 

11.38 

13.23 

16.19 

60 

66 

7.02 

7.87 

8.75 

9.65 

10.68 

12.51 

14.56 

16.71 

55 

60 

7.66 

8.69 

9.54 

10.53 

11.54 

13.65 

15.88 

18.23 

60 

66 

8.30 

9.30 

10.34 

11.40 

12.60 

14.79 

17.21 

19.75 

66 

70 

8.94 

10.02 

1 

11.13 

12.28 

13.46 

16.93 

18.53 

21.27 

70 


Area of intermediate circular portion ie given in Table 16. 
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Ta.ble 15 (Part 2). — Extra Area of Spiral Portions of 
Widened Pavement 

Area of both portions ~ ^ — B (sq. yd.), 


where h - length of each i. spiral; 

/ = niaxiinum central widening. 

Based on normal width of pavement = 18 ft. 

Values of B : 


ds 




/ 





0 , 

1 0 ' 

1 . 5 - 

2 . 0 ' 

2 5 ' 

3 . 0 ' 

3 . 5 ' 

4 0 ' 

4 . 5 ' 

5 “ 

0 . 12 

0. 19 

0.25 

0.32 

0 39 

0 47 

0.54 

0.62 

5 ° 

10 

0.24 

0.37 

0.50 

0.64 

0.78 

0.93 

1.09 

1 24 

10 

15 

0.36 

0.56 

0.76 

0.96 

1.18 

1.40 

1 63 

1 87 

15 

20 

0.48 

0,74 

1 .01 

1.28 

1.57 

1.87 

2 17 

2.49 

20 

25 

0.61 

0.93 

1.26 

1.61 

1.96 

2.33 

2.72 

3.11 

25 

30 

0.73 

1.11 

1.51 

1 . 93 

2.36 

2.80 

3.26 

3.73 

30 

35 

0.85 

1.30 

1 .76 

2 25 

2.75 

3.27 

3.80 

4.35 

35 

40 

0.97 

1.48 

2 02 

2.57 

3 14 

3,73 

4 34 

4.97 

40 

45 

1.09 

1.67 

2.27 

2.89 

3 . 53 

4.20 

4.89 

6.60 

45 

60 

1.21 

1.85 

2.52 

3.21 

3.93 

4.67 

5.43 

6.22 

50 

55 

1.33 

2.04 

2.77 

3.63 

4.32 

5.11 

5 97 

6.84 

65 

60 

1.54 

2.33 

3.02 

3 . 85 

4 71 

5 . 6 i 

6.52 

7.46 

60 

65 

1.66 

2 41 

3.27 

4.18 

5 10 

6.07 

7.06 

8 08 

65 

70 

1.78 

I 

2.60 

3.52 

4.60 

5.49 

6.53 

7.60 

8.70 

70 

e . 




/ 

= 




d . 

5 . 0 ' 

5 . 5 ' 

6 . 0 ' 

i 

6 . 5 ' 

7 . 0 ' 

8 . 0 ' 

9 . 0 ' 

10 . 0 ' 



5 ° 

0.70 

0.79 

0 87 

0.96 

1.05 

1.24 

1.44 

1.66 

6 ° 

10 

1.41 

1 57 

1.74 

1 92 

2 . 10 

2.48 

2.88 

3.30 

10 

15 

2.11 

2.36 

2.62 

2.88 

3.16 

3.72 

4.32 

4.94 

16 

20 

2 81 

3.15 

3.49 

3.84 

4.21 

4.96 

5.76 

6.69 

20 

25 

3.51 

3.93 

4.36 

4.81 

6.26 

6.21 

7.20 

8.24 

25 

30 

4.22 

4 72 

5.24 

5.77 

6.31 

7.45 

8.64 

9.89 

30 

36 

4 92 

6.51 

6.11 

6.73 

7.36 

8.69 

10.08 

11.64 

35 

40 

5.62 

6 29 

6.98 

7.69 

8.42 

9.93 

11.62 

13.19 

40 

45 

6.33 

7.08 

7.86 

8.66 

9.47 

11.17 

12.96 

14.83 

45 

50 

7.03 

7.87 

8.73 

9.61 

10.62 

12.41 

14.40 

16.48 

60 

65 

7.73 

8.65 

9.60 

10.57 

11.57 

13.66 

15.84 

18.13 

55 

60 

8.44 

9.44 

10.47 

11.53 

12.62 

14.89 

17.28 

19.78 

60 

65 

9.14 

10.23 

11.34 

12.49 

13.67 

15.13 

18.72 

21.43 

65 

70 

9.84 

11.01 

12.21 

13.46 

14.72 

16.37 

19.16 

23.08 

70 


Area of intermediate circular portion is given in Table 16. 
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Table 15 (Part 3). — Extra Area of Spiral Portions op 
Widened Pavement 

Area of both portions = ^ B (sq. yd.), 

where L - length of each t spiral; 

/ = maximum central widening. 

Based on normal width of pavement = 20 ft. 

Values of B : 






/ 





e< 

1.0' 

1.5' 

2.0' 

2.5' i 

3.0' 

3.6' 

4.0' 

4.6' 

6° 

0,13 

0.20 1 

0.28 

0.35 

0.43 

0.61 

0.60 

0.68 

5° 

10 

0.27 

0.41 

0.56 

0.71 

0.86 

1.02 

1 19 

1 36 

10 

15 

0.40 

0.61 

0.83 

1.06 

1.29 

1.54 

1 78 

2.04 

15 

20 

0.54 

0.82 

1.11 

1.41 

1.73 

2.06 

2.38 

2,72 

20 

26 

0.67 

1.02 

1.39 

1.77 

2.16 

2.66 

2.97 

3.40 

25 

30 

0.80 

1.23 

1.67 

2.12 

2.59 

3.07 

3 . 57 

4.08 

30 

36 

0.94 

1.43 

1.95 

2.47 

3.02 

3.58 

4.16 

4.76 j 

35 

40 

1.07 

1.64 

2.22 

2.83 

3.45 

1 4.10 

4.76 

5.44 

40 

46 

1.21 

1,84 

2 60 

3.18 

3.88 

’4.61 

6.36 

6.12 

45 

60 

1.34 

2.06 

2.78 

3.54 

4.31 

6.12 

6.95 

6.80 

50 

56 

1.47 

2.25 

3.06 1 

3.89 

4.75 

5.63 

6.54 

7.48 

65 

60 

1.61 

2.46 

3.34 ! 

4.24 

6.18 

6.14 

7.14 

8.16 

60 

65 

1.74 

2.66 

3 61 1 

4.60 

6.61 

6.65 

7.73 

8.84 

65 

70 

1.88 

2.87 

3.89 

4.96 

6.04 

7.17 

8.33 

1 9.52 

70 

1 




/ 






A. 









a 

f/t 









UH 

i 

6.0' 

5.5' 

6.0' 

6.5' 

7.0' 

8.0' 

9.0' 

10.0' 


6° 

0.77 

0.86 

0.95 

1.05 

1.14 

1.34 

1.56 

1.79 

6° 

10 

1.53 

1.72 

1.90 

2.09 

2.28 

2.69 

3.11 

3.56 

10 

15 

2.30 

2.67 

2.85 

3.14 

3.43 

4.03 

4.67 

6.33 

16 

20 

3.07 

3.43 

3.80 

4.18 

4.67 

5.38 

6.22 

7.11 

20 

26 

3.84 

4.29 

4.76 

5.23 

6.71 

6.72 

7.78 

8.89 

25 

30 

4.61 

6.16 

6.70 

6.27 

6.86 

8.07 

9.34 

10.67 

30 

36 

6.37 

6.00 

6.66 

7.32 

8.00 

9.41 

10.89 

12.44 

35 

40 

6.14 

6.86 

7.60 

8.36 

9.14 

10.76 

12.45 

14.22 

40 

45 

6.91 

7.72 

8.55 

9.41 

10.28 

12.10 

14.01 

16.00 

45 

60 

7.68 

8.58 

9.50 

10.46 

11.42 

13.44 

15.66 

17.78 

60 

66 

8.44 

9.43 

10.46 

11.60 

12.67 

1 14.79 

17.12 

19.66 

65 

60 

9.21 

10.29 

11.40 

12.54 

I 13.71 

1 16.13 

18.67 

i 21.33 

60 

65 

9.98 

11.16 

12.35 

13.59 

14.86 

1 17.48 

20.23 

23.11 

65 

70 

10.76 

12.01 

13.30 

14.63 

16.00 

18.82 

21.79 

24.89 

70 


Area of intermediate circular portion is given in Table 16. 
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Table 15 (Part 4). — Extra Area of Spiral Portions of 
Widened Pavement 

Area of both portions — ^ ~ B (sq. yd.), 


where L = length of each spiral; 

/ = inaxirnurn central widening. 

Based on normal width of pavement = 22 ft. 

Values of B : 


e. 




/ 

=* 





1.0' 

1.5' 

2.0' 

2.5' 

3.0' 

3.6' 

4.0' 

4.5' 



5° 

0. 15 

0.22 

0.30 

0 39 

0.47 

0.66 

0.66 

0.74 

6° 

10 

0 23 

0.45 

0.61 

0.77 

0.94 

1.11 

1.29 

1.48 

10 

15 

0.44 

0.67 

0.91 

1.16 

1.41 

1.67 

1.94 

2.21 

15 

20 

0.59 

0.90 

1.22 

1.54 

1.88 

2.23 

2.59 

2.95 

20 

25 

0.74 

1.12 

1.52 

1.93 

2.35 

2.79 

3.23 

3.69 

25 

30 

0.88 

1.35 

1.82 

2.32 

2.82 

3.34 

3.88 

4.43 

30 

35 

1 . 03 

1.57 

2 13 

2.70 

3.29 

3.90 

4.62 

6.17 

36 

40 

1. 18 

1.79 

2 43 

3.09 

3.76 

4.46 

6.17 

6.91 

40 

45 

1 32 

2.02 

2.73 

3.47 

4.23 

6.01 

5.82 

6.64 

45 

50 

1.47 

2.24 

3.04 

3.86 

4.70 

6.57 

6.46 

7.38 

60 

55 

1.62 

2.47 

3.34 

4.24 

5.17 

6.13 

7.11 

8.12 

66 

60 

1.76 

2 69 

3.65 

4.63 i 

6.64 

6.69 

7.76 

8.86 

60 

65 

1 . 91 

2 91 

3.95 

5.02 1 

6.11 

7.24 

8.40 

9.60 

65 

70 

2.00 

3. 14 

4.25 

5.40 

6.68 

7.80 

9.06 

10.33 

70 

e. 




/ 





e» 

5.0' 

5,5' 

6.0' 

6.5' 

7.0' 

8.0' 

9.0' 

10.0' 



5° 

0.83 

0.93 

1.05 

1.13 

1.23 

1.45 

1.67 

1.91 

5° 

10 

, 1.66 

1.86 

2.09 

2.20 

2.47 

2.90 

3.35 

3,81 

10 

15 

t 2.50 

2 79 

3.14 

3 . 39 

3.70 

4.34 

6.02 

6.72 

15 

20 

3 . 33 

3.72 

4.18 

4.52 

4.93 

6.79 

6.69 

7.63 

20 

25 

4.16 

4.64 

5.23 

6.65 

6.17 

7.24 

8.36 

9.53 

25 

30 

4.99 

5.57 

6.27 

6.78 

7.40 

8.69 

10.04 

11.44 

30 

35 

5.83 

6.50 

7.32 

7.90 

8.63 

10.14 

11.71 

13.36 

36 

40 

6.66 

7.43 

8.36 

9.03 

9.86 

11.58 

13,38 

16.26 

40 

45 

7.49 

8.36 

9.41 

10.16 

11.10 

13.03 

15 . 05 

17.16 

45 

50 

8.32 

9.29 

10.45 

11.29 

12.33 

14,48 

16.73 

19.07 

50 

55 

9.15 

10.22 

11.60 

12.42 

13.56 

16.93 

18.40 

20.98 

66 

60 

9.99 

11.15 

12.54 

13.66 

14.80 

17.38 

20.07 

22.88 

60 

65 

10.82 

12.07 

13.69 

14,68 

16.03 

18.82 

21.74 

24.79 

, 66 

70 

11.65 

13.00 

14.13 

15.81 

17.26 

20.27 

23.42 

26.70 

^ 70 


Area of intermediate circular portion is given in Table 16. 
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Table 16 (Part 1). — Extra Area of Circular Portion op 
Widened Pavement (in Square Yards) per Lineal 
Foot of Nominal t. Curve 

Deg. of f — constant central widening = Deg. of 

curve . curve 


D 

1' 

2' 

3' 

4' 

5' 

6' 

7/ 

8' 

9' 

10' 

D 


6° 

.110 

.220 

.331 

.441 

.550 

.660 

.770 

.880 

.989 1 

.099^ 

5° 


6 

.110 

.220 

.330 

.440 

.549 

.659 

.768 

.878 

.987 1 

.096 

6 


7 

.110 

.220 

.329 

.439 

.548 

.658 

.767 

.876 

.985 1 

.093 

7 


8 

.110 

.219 

.329 

.438 

.547 

.656 

.765 

.874 

.983 1 

.091 

8 


9 

.110 

.219 

.328 

.437 

.546 

.656 

.764 

.872 

.980 1 

.088 

9 


10 

.109 

.219 

.328 

.437 

.545 

.654 

.762 

.870 

.978 1 

.086 

10 


11 

.109 

.218 

.327 

.436 

.544 

.652 

.761 

.868 

.976 1 

.083 

11 


12 

.109 

.218 

.327 

.435 

.543 

.651 

.759 

.867 

.974 1 

.081 

12 

4.1 

13 

.109 

.218 

.326 

.434 

.642 

.650 

.757 

.866 

.972 1 

.078 

13 

a 

v 

14 

.109 

.217 

.326 

.434 

.641 

.649 

.756 

.863 

.969 1 

.076 

14 

a 

15 

.109 

.217 

.325 

.433 

.640 

.647 

.754 

.861 

.967 1 

.073 

15 

► 

16 

.108 

.217 

.324 

.432 

.639 

.646 

.753 

.859 

.966 1 

.071 

16 

s. 

17 

.108 

.216 

.324 

,431 

.638 

.646 

.751 

.857 

.963 1 

.068 

17 


18 

.108 

.216 

.323 

.430 

.637 

.643 

.750 

.855 

.961 1 

.066 

18 


19 

.108 

.216 

.323 

.430 

.636 

.642 

.748 

.854 

.969 1 

.063 

19 

«0 

20 

.108 

.215 

.322 

.429 

.636 

.641 

.747 

.862 

.956 1 

.061 

20 


30 

.106 

.212 

.317 

.421 

.526 

.628 

.731 

.833 

. 936 1 

.035 

30 


40 

.105 

.208 

.311 

.413 

.515 

.616 

.715 

.814 

.913 1 

.010 

40 


60 

.103 

.205 

.306 

.406 

.505 

.602 

.700 

.796 

.891 

.985 

50 


60 

.101 

.201 

.300 

.398 

.494 

.589 

.684 

.777 

.869 

.960 

60 


70 

.100 

.198 

.295 

.390 

.484 

.676 

.669 

.759 

.847 

.936 

70 


80 

.098 

.194 

.289 

.382 

,474 

.663 

.653 

.740 

.825 

.909 

80 


90 

.096 

.191 

.284 

.375 

.464 

.551 

.637 

.721 

.804 

.884 

90 


100 

.095 

.187 

.278 

.367 

.454 

.638 

.622 

.703 

.782 

.859 

100 




/ 

=> constant central 

widening =» 





U 

2' 

3' 

4' 

6' 

6' 

7 ' 

8' 

9' 

10' 



5° 

.110 

.220 

.330 

.440 

.660 

.660 

.769 

.879 

. 988 1 , 

.098 

6® 


6 

. 110 

.220 

.330 

.439 

.649 

.658 

.768 

.877 

. 986 1 

.096 

6 


7 

. no 

.220 

.329 

.438 

,648 

.657 

.766 

.876 

.984 1, 

.092 

7 


8 

.110 

.219 

.328 

.438 

.647 

.656 

.764 

.873 

.981 1, 

,089 

8 


9 

.109 

.219 

.328 

.437 

.646 

.664 

.763 

.871 

.979 1, 

,087 

9 


10 

,109 

.218 , 

.327 

.436 

.644 

.663 

.761 

.869 

.976 1. 

,084 

10 


11 

.109 

.218 , 

.327 

.435 

.643 

.651 

.769 

.867 

. 974 1 . 

081 

11 


12 

.109 

.218 . 

.326 

.434 

.642 

.650 

.767 

.865 

. 972 1 . 

079 

12 

** 

13 

.109 

.217 . 

,325 

.433 

.641 

.649 

.766 

.863 

.969 1. 

076 

13 

1 

14 

.109 

.217 . 

.325 

.432 

.640 

.647 

.754 

.861 

. 967 1 . 

073 

14 

1 

15 

.108 

.216 . 

324 

.432 

.539 

.646 

.762 

.859 

.966 1. 

070 

15 

► 

16 

.108 

.216 . 

324 

.431 

.638 

.644 

.761 

.867 

.962 1. 

068 

16 


17 

.108 

.216 , 

323 

.430 

.637 

.643 

.749 

.856 

. 960 1 . 

066 

17 


18 

.108 

.215 . 

322 

.429 

.635 

.642 

.747 

.853 . 

.958 1. 

062 

18 


19 

.108 

.215 . 

322 

.428 

.634 

.640 

.746 

.861 

.965 1. 

060 

19 

00 

20 

.107 

.214 . 

321 

.427 , 

.633 . 

.639 

.744 , 

.849 . 

, 963 1 . 

057 

20 


30 

.106 

.211 . 

315 , 

.419 , 

.622 . 

.625 

.727 . 

,828 . 

.929 1. 

030 

30 


40 

.104 

.207 . 

309 

,410 , 

,611 , 

,611 

.710 , 

.808 . 

,906 1. 

003 

40 


50 

.102 

.203 . 

303 , 

.402 . 

.600 . 

.697 

.693 , 

,788 . 

882 . 

976 

60 


60 

.100 

.199 . 

297 , 

.393 . 

.489 . 

.583 

.676 . 

768 . 

869 . 

948 

60 


70 

.098 

.195 . 

291 , 

.385 . 

.478 . 

689 

.669 . 

748 . 

836 . 

921 

70 


80 

.096 

.191 . 

284 , 

,376 . 

.406 . 

655 

.642 . 

728 . 

812 . 

894 

80 


90 

.095 

.187 . 

278 . 

368 . 

466 . 

641 

.626 . 

707 . 

788 . 

867 

90 


100 

.093 

.183 . 

272 . 

359 . 

444 . 

627 

.608 . 

687 . 

764 . 

840 

100 


TABLES 


325 


Table 16 (Part 2). — Extra Area op Circular Portion of 
Widened Pavement (in Square Yards) per Lineal 
Foot of Nominal ^ Curve 


Deg. of 



/ = constant central widening 

sa 


Deg. of 


curve 













D 

V 

2' 

3' 

4' 

5' 

6' 

7' 

8' 

9' 

10' 

D 


5° 

.111 

.220 

. 330 

1 .440 

1 .649 

' .659 

> .769 

> .878 

1 .987 

1.097 

5° 


6 

.110 

1 . 220 

.329 

' .439 

1 .548 

i .658 

f .767 

’ .876 

i .985 

» 1 . 094 

6 


7 

.110 

1 .219 

.329 

.438 

1 .647 

.656 

i .765 

i .874 

: .982 

11.091 

7 


8 

.109 

.2J9 

.328 

. 437 

.546 

1 .655 

i .763 

; .872 

1 .980 

11.088 

8 


9 

.109 

.218 

.327 

.436 

f .645 

1 .65S 

; .761 

.869 

' .977 

1.086 

9 


10 

.109 

.218 

.327 

.435 

' .543 

.652 

! .759 

1 .867 

.975 

1 . 082 

10 


11 

. 109 

.218 

.326 

.434 

.642 

.650 

1 .758 

i .865 

.972 

1 . 079 

11 


12 

109 

.217 

.325 

. 433 

.541 

.649 

' .756 

, . 863 

.970 

1 . 076 

12 

■M 

13 

. 108 

.217 

. 325 

.432 

.640 

.647 

.754 

.861 

.967 

1 . 073 

13 

a> 

14 

. 108 

.216 

.324 

.431 

.539 

.645 

.752 

.858 

.965 

1.070 

14 

B 

0) 

> 

15 

. 108 

.216 

.323 

.430 

.537 

.644 

.750 

.856 

.962 

1.067 

15 

16 

. 108 

.215 

.323 

. 430 

.536 

.642 

.748 

. 854 

.960 

1.066 

16 


1/ 

. 108 

.215 

.322 

.429 

. 535 

.641 

.747 

.852 

.957 

1.062 

17 


18 

. 107 

.215 

.321 

.428 

.634 

. 639 

.745 

.850 

.954 

1.059 

18 


19 

. 107 

.214 

.321 

.427 

. 633 

.638 

.743 

.848 

.952 

1 056 

19 

e 

20 ! 

.107 

.214 

.320 

.426 

.531 

.636 

.741 

.845 

.949 

1 . 053 

20 


SO 

. 105 

.209 

.313 

.417 

.619 

.621 

.723 

.824 

.924 

1.024 

30 


40 

. 103 

.205 

. 307 

.407 

.607 

.606 

.704 

.802 

.899 

.995 

40 


50 

.101 

.201 

.300 

.398 

.495 

.591 

.686 

.780 

.873 .966 

50 


60 

. 099 

.197 

.293 

.389 

.483 

.576 

.668 

.759 

.848 

.937 

60 


70 

.097 

. 192 

.287 

.379 

.471 

.661 

.649 

.737 

. 823 

.907 

70 


80 

.095 

. 188 

.280 

i . 370 

.459 

.546 

.631 

.715 

.798 

.878 

80 


90 

. 093| 

.184 

.273 

I.361 

.446 

.531 

.613 

. 693 

.772 

.849 

90 


100 

.091 

.180 

.266 

.351 

.434 

.515 

.595 

.672 

.747 

.820 

100 




/ 3== constant central widening = 






1' 

2' 

1 3' 

4' 

6' 

6' 

7' 

8' 

9' 

10' 



5® 

. 110 

.220 

.330 

.439 

.549 

.659 

.768 

.877 

.986 

1.096 

5^* 


6 

.110 

.219 

.329 

. 438 

.648 

.657 

,.766 

.876 

.984 

1.092 

6 


7 

.110 

.219 

.328 

.437 

.546 

.655 

.764 

. 873 

.981 

1.089 

7 


8 

. 109 

.218 

.328 

.4.36 

.545 

.654 

.7(^2 

.870 

.978 

1.086 

8 


9 

.109 

.218 

.327 

.435 

.544 

.652 

.760 

.868 

.976 

1.083 

9 


10 

.109 

.218 

.326 

.434 

.642 

.650 

.758 

.866 

.973 

1.080 

10 


11 

.109 

.217 

. 325 

. 433 

.541 

.649 

.756 

.863 

.970 

1.077 

11 


12 

. 108 

.217 

.325 

.432 

.540 

.647 

.754 

.861 

.968 

1.074 

12 


13 

. 108 

.216 

.324 

.431 

.639 

.645 

.752 

.859 

.965 

1.071 

13 

a 

14 

.108 

.216 

.323 

.430 

.637 

.644 

.750 

.856 

.962 

1.068 

14 

B 

15 

.108 

.215 

.322 

.429 

.636 

.642 

.748 

.854 

.959 

1.066 

16 

9t 

> 

16 

. 108 

.215 

.322 

.428 

. 535 

.641 

.746 

.852 

.957 

1.061 

16 


17 

.107 

.214 

.321 

.427 

. 533 

.639 

.744 

.849 

.954 

1.068 

17 


18 

.107 

.214 

.320 

.426 

.532 

.637 

.742 

.847 

.951 

1.056 

18 


19 

.107 

.213 

.320 

.426 

.531 

.636 

.740 

.845 

.949 

1.062 

19 


20 

.107 

.213 

.319 

.424 

.529 

.634 

.738 

.842 

.946 

1.049 

20 


30 

.104 

.208 

.312 

.414 

.616 

.618 

.719 

.819 

.919 

1.018 

30 


40 

.102 

.204 

.304 

.404 

.503 

.602 

.699 

.796 

.892 

.987 

40 


50 

. 100 

. 199 

.297 

.394 

.490 

.585 

.679 

.773 

.865 

.956 

60 


60 

.098 

.194 

.290 

.384 

.477 

.569 

.660 

.749 

.SiiS 

.925 

60 


70 

.095 

.190 

,282 

.374 

.464 

.553 

.640 

.726 

.811 

.894 

70 


80 

.093 

.185 

.275 

.364 

,451 

.536 

.620 

.703 

.784 

.863 

80 


90 

.091 

.180 

.268 

.364 

.438 

.520 

.601 

.679 

.757 

.832 

90 


100 

.089 

.176 

.261 

.344 

.425 

.504 

.681 

.666 

.729 

.801 

100 
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Table 17. — Areas of Waterway Calculated by Talbot’s 
Formula 

a = area of waterway in square feet. 

A — drainage area in acres. 

a = C\/~A^. 


Areas of waterway in square foot 


Drainage 

area 

Moun- 

tainous 

land 

Hilly land 

Rolling land 

Flat land 

Acres 

Square! ^ 

miles 1 

C = 0.80| C =» 0.60| a = 0.50 

C = 0.40 

C = 0.3()jc’==0.20 

1 

0.(X)16 

1.0 

0.8 

0.6 

0.5 

0.4 

0.3 

0.2 

2 

.0031 

1.7 

1.4 

1.0 

.8 

.7 

.5 

.3 

4 

.0062 

2.8 

2.2 

1.7 

1.4 

1.1 

.8 

.6 

6 

.0094 

3.8 

3.0 

2.3 

1.9 

1.5 

1.1 

.8 

8 

.0125 

4.8 

3.8 

2.9 

2.4 

1.9 

1.4 

1.0 

10 

.018 

3.6 

4.5 

3.4 

2.8 

2.2 

J .7 

1.2 

15 

.023 

7.6 

6. 1 

4.6 

3.8 

3 0 

2.3 

1.5 

20 

.031 

9.5 

7.6 

5.7 

4.7 

3.8 

2.8 

1.9 

25 

.039 

11.2 

9.0 

6.7 

5.6 

4.5 

3.4 

2.2 

30 

.047 

12.8 

10.2 

7.7 

6.4 

5.] 

3.8 

2.6 

35 

.05 

14.4 

11.5 

8.6 

7.2 

5.8 

4.3 

2.9 

40 

.00 

15.9 

12.7 

9.5 

8.0 

6.4 

4.8 

3.2 

45 

.07 

17.4 

13.9 

10.4 

8.7 

7.0 

5.2 

3.5 

50 

.08 

18.8 

15.0 

11.3 

9.4 

7.5 

5.6 

3.8 

65 

.09 

20 

16 

12 

10 

8 

6 

4 

60 

.09 

22 

17 

13 

11 

9 

6 

4 

65 

.10 

23 

18 

14 

11 

10 

7 

5 

70 

.11 

24 

19 

14 

12 

10 

7 

6 

75 

.12 

26 

21 

16 

13 

10 

8 

5 

80 

.13 

27 

22 

16 

13 

11 

8 

5 

85 

.13 

28 

22 

17 

14 

11 

8 

6 

90 

.14 

29 

23 

17 

14 

12 

9 

6 

95 

.15 

30 

24 

18 

15 

12 

0 

0 

100 

.16 

32 

26 

19 

16 

13 

10 

6 

150 

.23 

43 

34 

26 

21 

17 

13 

9 

200 

.31 

53 

42 

32 

27 

21 

16 

11 

■ 250 

.39 

63 

50 

38 

32 

25 

19 

13 

300 

.47 

72 

58 

43 

36 

29 

22 

14 

350 

.54 

81 

65 

49 

41 

32 

24 

16 

400 

.63 

89 

71 

53 

44 

36 

27 

18 

450 

.70 

98 

78 

69 

49 

39 

20 

20 

600 

.78 

106 

85 

64 ’ 

53 

42 

32 

21 

650 

.86 

114 

91 

68 

57 

46 

34 

23 

600 

.94 

121 

97 

73 

61 

48 

36 

24 

650 

1.02 

129 

103 

77 

65 

52 

39 

26 

700 

1.09 

136 

109 

82 

68 

54 

41 

27 

750 

1.17 

143 

114 

86 

72 

57 

43 

29 

800 

1.25 

150 

120 

90 

75 

60 

45 

30 

850 

1.33 

167 

126 

94 

79 

63 

47 

31 

000 

1.41 

164 

131 

98 

82 

66 

49 

33 

050 

1.48 

171 

137 

103 

86 

68 

51 

34 

1.000 

1.56 

178 

142 

107 

89 

71 

53 

36 

1,100 

1.72 

191 

163 

115 

95 

76 

57 

38 
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Table 17 .— Areas of Waterway Calculated by Talbot’s 
F ORM UL A — {Contin ued) 
a — area of waterway in square feet. 

A = drainage area in acres. 

a = C^A^. 


Area of waterway in square feet 


Drainage 


Moun- 



1 




area 


tainous 

Hilly 

land 

Rolling land 

Flat 

Land 




land 






Acres 

Square 

miles 

6' = 1.00 

II 

o 

bo 

o 

6’ = 0.60 

(7 = 0.60 

C = 0.40 

C = 0.30 

C = 0.20 

2,600 

3, 

91 

354 

283 

212 

177 

142 

106 

71 

3 , 000 

4. 

69 

405 

324 

243 

203 

162 

122 

81 

3 , 500 

5, 

47 

455 

364 

273 

228 

182 

137 

91 

4 , 000 

6. 

25 

503 

402 

302 

252 

201 

151 

101 

5,000 

7. 

81 

595 

476 

357 

298 

238 

179 

119 

6,000 

9 

37 

682 

646 

409 

341 

273 

205 

136 

7,000 

10. 

94 

765 

612 

459 

383 

306 

230 

163 

8 , 000 

12 

60 

846 

677 

508 

423 

338 

254 

169 

0 , 000 

14. 

06 

924 

739 

654 

462 

370 

277 

185 

10,000 

15. 

62 

1 , 000 

800 

600 

500 

400 

300 

200 

2(),000 

31. 

2 

1,682 

1,346 

1,009 

841 

673 

606 

336 

30,000 

46. 

9 

2,280 

1,824 

1,368 

1,140 

912 

684 

456 

40,000 

62. 


2,828 

2,262 

1,697 

1,414 

1,131 

848 

666 

60,000 

78. 

1 

3,344 

2,675 

2,006 

1,672 

1,338 

1 , 003 

669 

60,000 

93 . 

7 

3,834 

3,067 

2,300 

1 ,917 

1,634 

1,150 

767 

70,000 

109 


4,304 1 

3,443 

2,582 

2,162 

1,722 

1,291 

861 

80,000 

125 


4,757 1 

3,806 

2,854 

2,378 

1,903 

1.427 

961 

90,000 

141 


5,196 1 

4,157 

3,118 

2,698 

2,078 

1,659 

1,039 

100,000 

156 


5,623 

4,498 

3,374 

2,811 

2,249 

1,687 

1,126 

110,000 

172 


6,040 

4 , 832 

3,624 

3,020 

2,416 

1,812 

1.208 

120,000 

187 


6,447 

5,158 

3,868 

3,224 

2,579 

1,934 

1,289 

130,000 

203 


6,846 

6,477 

4,108 

3,423 

2,738 

2,054 

1 ,369 

140,000 

219 


7,238 

5,790 

4 , 343 

3,619 

2,895 

2,171 

1,448 

150,000 

234 


7,622 

6,098 

4,573 

3,811 

3,049 

2,287 

1,624 

160,000 

250 


8,000 

6,400 

4,800 

4,000 

3 , 200 

2,400 

1,600 

170,000 

266 


8,372 

6,698 

5,024 

4,187 

3 , 349 

2,612 

1,675 

180,000 

281 


8,739 

6,991 

5,243 

4,370 

3,496 

2,622 

1,748 

190,000 

297 


9,100 

7,280 

5,460 

4,560 

3,640 

2,730 

1,820 

200,000 

312 


9 . 457 

7 , 566 

6,674 

4,729 

3,783 

2,837 

1,891 

210.000 

328 


9,810 

7,848 

5,886 

4,905 

3,924 

2,943 

1,962 

220 , 000 

344 


10,158 

8,126 

6,095 

6,079 

4,063 

3 , 047 

2,032 

230,000 

359 


10,503 

8,402 

6,302 

6,252 

4,201 

3,151 

2,101 

240,000 

375 


10,843 

8,674 

6,506 

6,422 

4,337 

3,263 

2,169 

260,000 

391 


11,180 

8,944 

6,708 

5,690 

4,472 

3 , 354 

2,236 

260,000 

406 


11,514 

9,211 

6,908 

5,767 

4,606 

3,454 

2,303 

270,000 

422 


11,846 

9,476 

7,107 

6,923 

4,738 

3,554 

2,369 

280,000 

437 


12,172 

9,738 

7,303 

6,086 

4,869 

3,652 

2,434 

290,000 

463 


12,497 

9,998 

7,498 

6,249 

4,999 

1 3,749 

1 2,499 

300,000 

469 


12,819 

10,255 

7,691 

6,410 

6,128 

3,846 

1 2,664 

310,000 

484 


13,138 

10,610 

7,883 

6,669 

6,265 

3,941 

2,628 

320,000 

600 


13,464 

10,763 

8,072 

6,727 

6,382 

4,036 

2,691 

330,000 

516 


13,768 

11,014 

8,261 

6,884 

6,607 

4,130 

2,764 

340,000 

531 


14,080 

11,264 

8,448 

7,040 

6,632 

4,224 

2,816 

350,000 

647 


14 , 390 

11,612 

8,634 

7,196 

6,766 

4,317 

2,878 

360,000 

562 


14,697 

11,768 

8,818 

7.349 

6,879 

4,409 

2,939 

370,000 

678 


15,002 

12,002 

9,001 

7,601 

6,001 

4,501 

3,000 

380,000 

594 


15,306 

12,244 

9,183 

7,663 

6,122 

4,692 

3,061 

390,000 

609 


16,606 

12,485 

9,364 

7,803 

6.242 

4,682 

3,121 

400.000 

626 


16,905 

12,724 

•9,543 

7,063 

6,362 

4,772 

8,181 

soo.oooj 

781 


18,804 

16,043 

11.282 

9,402 

7,622 

6,641 

3,761 
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Table 18. — Volume of 100- foot Earthwork Sections 
(Cubic Yards). 

A — Sum of end areas in square feet. 
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Table 18. — Volume of 100- foot Earthwork Sections 
(Cubic Yards) — {Continued) , 

A = Sum of end areas in square feet. 










2m 
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Table 18. — Volume of 100-foot Earthwork Sections 
(Cubic Yards) — {Continued) . 

A = Sum of end areas in square feet. 
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Table 19 . — Prirmoidal Correction ( Cubic Yards ) 
FOR 100 -FOOT Sections 


X - X ' 


( — d ' 

1 

2 1 

3 

4 

5 

1 “ 

7 

8 

9 

0 2 

0.06 

0 12 

0.19 

0 . 25 

0.31 

0.37 

0.43 

0.49 

0 . 56 

0.4 

0 12 

0 2.5 

0 . 37 

0.49 

0.62 

0 74 

0.86 

0.99 

1.11 

0.0 

0.19 

0.37 

0 . 56 

0.74 

0 . 93 

1.11 

1.30 

1.48 

1.67 

0.8 

0 . 25 

0 19 

0.74 

0 . 99 

1.23 

1.48 

1.73 

1.98 

2.22 

1.0 

0.31 

0.02 

0.93 

1.23 

1 . 51 

1 . 85 

2.16 

2.47 

2.78 

1.2 

0.37 

0.74 

1.11 

1 .48 

1 . 85 

2.22 

2 . 59 

2 90 

. 1 . 33 

1.4 

0.43 

0 . 8 () 

1.30 

1.73 

2.10 

2 . 59 

3 . 02 

3 . 40 

3 . 89 

1.0 

0.49 

0.99 

1.48 

1 . 98 

2.47 

2 . 96 

3 46 

3 . 95 

4.44 

1.8 

o . r>o 

1.11 

1.67 

2.22 

2.78 

3 . 33 

3.89 

4.44 

5 . 00 

2.0 

0.02 

1.23 

1.85 

2.47 

3.09 

3.70 

4.32 

4.94 

5 56 

2.2 

0.68 

1 . 36 

2.04 

2.72 I 

3.40 

4.07 

4 . 75 

5.43 

6.11 

2.4 

0.71 

1.48 

2.22 

2.90 

3.70 

4.44 

5.19 

5 93 

() . 67 

2.0 

0.80 

1 . 00 

2.41 

3 21 

4 01 

4.81 

5 . 02 

0.42 

7.22 

2.8 

0.80 

1.73 

2 . 59 

3.40 

4.32 

5.19 

0 . 05 

6.91 

7.78 

3.0 

0 . 93 

1 8.5 

2.78 

3.70 i 

1 

4.63 

5.56 

0.48 

7.41 

8.33 

3.2 

0 . 99 

1.98 

2 96 

3.95 

4.94 

5.93 

0.91 

7.90 

8.89 

3.4 

1 . 0.5 

2.10 

3.15 

4.20 

5.25 

6 . 30 

7.35 

8.40 

9.44 

3.6 

1.11 

2.22 

3 33 

4.44 

5 . 50 

0.07 

7.78 

8.89 

10.00 

3.8 

1.17 

2 35 

3.52 

4 . 69 

5.80 

7.04 

8.21 

9.38 

10.56 

4.0 

1.23 

2.47 

3.70 

4.94 

0.17 

7.41 

8.04 

9.88 

11.11 

4.2 

1.30 

? . 59 

3.89 

5.19 

0.48 

7.78 

9.07 

10.37 

11.67 

4.4 

1.30 

2.72 

4.07 

5.43 

6.79 

8.15 ! 

9.51 

10.86 

12.22 

4.6 ; 

1.42 

2.84 

4.26 

5 68 

7.10 

8.52 

9.94 

11.36 

12.78 

4.8 

1.48 

2.96 

4.44 

5.93 

7.41 

8.89 

10.37 

11.85 j 

13.33 


1.54 

3.09 

4.63 

6.17 

7.72 

9.26 

10.80 

12.35 

13.89 

5.2 

1.60 

3.21 j 

4.81 

6.42 

8.02 

9.63 

n .23 

12.84 

14.44 

6.4 

1.07 

3.33 

5.00 

6.67 

8.33 

10.00 

11.07 

13.33 

15.00 

5.6 

1.73 

3.40 ' 

5. 19 

6.91 

8.04 

10.37 

12. 10 

13.83 

15.56 

5.8 

1.79 

3.58 

5.37 

7.16 

8.95 

10.74 

12.53 

14.32 

16.11 

6.0 

1.85 

3.70 1 

5.50 

7.41 

9.26 

11.11 

12.96 

14.81 

16.67 

6.2 

1.91 

3.83 ' 

5.74 

7 . 05 

9 . 57 

11.48 

13.40 

15.31 

17.22 

6.4 

1.98 

3.95 , 

5.93 

7.90 

9. 88 

11.85 

13.83 

15.80 

17.78 

6.6 

2.04 

4.07 ! 

0 . 11 

8.15 

10.19 

12.22 

14.26 

16.30 

18.33 

6.8 

2.10 

4.20 

6.30 

8.40 

10.49 

12.59 

14.69 

16.79 

18.89 

7.0 

2.16 

4.32 

0.48 

8.64 

10.80 

12.96 

15.12 

17.28 

19.44 

7.2 

2.22 

4.44 

6.07 

8.89 

11.11 

13.33 

15.50 

17.78 

20.00 

7.4 

2.28 

4.57 

6.85 

9.14 

11.42 

13.70 

15.99 

18.27 

20 . 56 

7.6 

2.35 

4.09 

7.04 

9.38 

11.73 

14.07 

16.42 

I18.77 

21.11 

7.8 

2.41 

4.81 

7.22 

9.03 

12.04 

14.44 

16.85 

19.26 

21.67 

8.0 

2.47 

4.94 

7.41 

9.88 

12.35 

14.81 

17.28 

| 19.75 

22.22 

8.2 

2.53 

5.06 

7.59 

10.12 

12.05 

15.19 

17.72 

20.25 

22.78 

8.4 

2 . 59 

5.19 

7.78 

10.37 

12.96 

. 15.56 

18. 15 

20.74 

23.33 

8,6 

2.65 

5.31 

7.96 

10.02 

13.27 

15.93 

18.58 

21.23 

23.89 

8.8 

2.72 

5.43 

8.15 

10.80 

13.58 

16.30 

19.01 

21.73 

24.44 

9.0 

2.78 

5.56 

8.33 

11.11 

13.89 

10,07 

19.44 

22.22 

25.00 

9.2 

2.84 

' 5.08 

8.52 

11.30 

14.20 

17.04 

19.88 

22.72 

25.66 

9.4 

2.90 

5.80 

8.70 

11.00 

14.51 

17.41 

20.31 

23.21 

26.11 

9.6 

2.96 


8.89 

11.85 

14.81 

17,78 

20,74 

23.70 

26.67 

9.8 



9.07 

12.10 

15.12 

118.15 

21.17 

24.20 

27.22 

10.0 

3.09 1 


9.26 

12.35 

15.43 

18.52 

21.60 

24.69 

27.78 


Copyrighted by C. Frank Allen* Uaed by permiasion 
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Table 20. — Natural Sines and Cosines 


0 

Sine 

3 ° 

Cosine 

/ 

t 

c 

Sine 

P 

Cosine 

/ 

/ 

c 

Sine 

)° 

Cosine 

/ 

o 

.ooooo 


60 

21 

.00611 

.90098 

.39 

41 

.01193 

•99993 

J 9 

I 

•00029 

X 

50 

23 

jx >640 

•99998 

38 

42 

.01222 

.99993 

18 


.00058 


58 

23 

.00669 , 

.99998 

37 

43 

.01251 

•9999a 

17 

3 

.00087 

I 

57 

24 

^30698 

.99998 

36 

44 

.01280 

4)9992 

16 

4 

.00116 

I 

56 

25 

.00727 

.99997 

35 

45 

.013021 

.99991 

IS 

5 

.00145 

I 

55 

26 

.00756 

4)9997 

34 

46 

.01338 

.99991 

14 

6 

.00175 


54 


.00785 

•99997 

33 

47 

.01367 

.99991 

13 

7 

.00204 

I 

53 

28 

.00814 

•99997 

32 

48 

.01396 

.99990 

13 

8 

.00233 

I 

52 

29 

^>0844 

.99996 

31 

49 

.01425 

4)9990 

11 

P 

.00263 

1 

51 

30 

.00873 

•99996 

30 

50 

.01454 

•99989 

10 

10 

.002^1 

I 

50 

31 

,00902 

.99996 

29 

SI 

.01483 

.99989 

9 

11 

.00320 

.99999 

49 

32 

.00931 

•99996 

28 

52 

.01513 

.99989 

8 

12 

.00340 

.99999 

48 

33 

.00960 

•99995 

27 

53 

.01542 

.99988 

7 

13 

.00378 

.99999 

47 

34 

.00989 

•99995 

26 

54 

.01571 

.99988 

6 

14 

.00407 

.99999 

46 

35 

. 010 x 3 

•99995 

25 

55 

.01600 

.99987 

5 

IS 

.00436 

.99999 

45 

36 

.01047 

•99995 

24 

S6 

^31629 

.99987 

4 

i6 

.00465 

.99999 

44 

37 

X)I076 

•99094 

23 

57 

.01658 

.99986 

3 

17 

.00495 

.99999 

43 

38 

.Olios 

•99094 

22 

58 

.01687 

.99986 

2 

x8 

.00524 

.99999 

42 

39 

.0T134 

.90004 

21 

59 

x»I7i6 

.99085 

1 

19 

.00 5 S 3 

.99998 

41 

40 

x>ii 64 

4)9993 

20 

60 

.01745 

4)9985 

0 

20 

.00582 

.99998 

40 









0 

Cosine 

Sine 

\~T 

/ 

Cosine 

Sine 

f 

t 

Cosine 

Sine 

1 0 


00 

CD 

0 



89° 



89° 
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Table 20 . — Natural Sines and Cosines — (Continue!) 



1° 

1 2 ® 

3° 

4 » 



Sink 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

o 

•01745 

.99985 

.03490 

.99939 

.05234 

.99863 

^>6976 

•99756 

60 

X 

.01774 

.99984 

.03519 

.99938 

.05263 

.9^61 

.07005 

•99754 



.01803 

•99984 

.03548 

•99937 

X> 52 p 3 

.^60 

.07034 

• 997 Sa 

sa 

8 

.01833 

.99983 

.03577 

•99936 

.05331 


.07063 

•99750 

57 

4 

.01863 

•99983 

.03606 

•99935 

•05350 

.99857 

.07092 

.99748 

56 

5 

.01891 

.9998a 

.03635 

•99934 

.05379 

4)9855 

.07121 

.99746 

55 

6 

.01930 

.99983 

.03664 

.99933 

.05408 

.99854 

.07150 

.99744 

54 

7 

.01949 

•99981 

.03693 

4)9932 

.05437 

4)9852 

.07x79 

.9974a 

S 3 

B 

^>1978 

.99980 

.03723 

•99931 

.05466 

4)9851 

.07208 

4)9740 

5a 

9 

.03007 

.99980 

•03752 

•99930 

.05495 

.99849 

.07237 

•99738 

SI 

to 

.03036 

.99979 

.03781 

.99929 

.05524 

4)9847 

.07366 

.99736 

50 

xz 

x>2o6s 

.99979 

X53810 

4)9927 

.05553 

4)9846 

.07295 

•99734 


ta 

u :>3094 

.99978 

.03839 

.99926 

.05583 

.99844 

.07324 

.99731 


*3 

x> 3 ia 3 

.99977 

.038^ 

•9992s 

x>s6ii 

4)9843 

.07353 

.99739 


*4 

joaisa 

•99977 

.03897 

4)9924 

-05640 

4)9841 

.0738a 

.99727 

46 


.03181 

.99976 

.03926 

4)9923 

-05669 

4)9839 

.07411 

.99725 

45 

x6 

.03311 

.99976 

•03955 

.99923 

.05698 

.9^38 

.07440 

.99723 

44 


.02240 

.99975 

.03984 

4)9921 

.05727 

.99836 

.07469 

•99721 

43 

i8 

X>2269 

.99974 

.04013 

.99919 

.05756 

4)9834 

.07498 

4)9719 

4a 

*9 

.0229S 

.99974 

.04042 

.99918 

.05785 

4)9833 

07527 

.99716 

41 

ao 

.02337 

.99973 

.04071 

.99917 

x> 5 Sz 4 

4)9831 

.07556 

4)9714 

40 

ai 

^2356 

.99972 

.04100 

.99916 

.05844 

.99829 

.07585 

.9971a 

32 

aa 

•0238s 

.99972 

.04139 

.99915 

.05873 

.99827 

.07614 

.99710 

3 ^* 

a 3 

W02414 

.99971 

.04159 

•99913 

4>5902 

.99826 

07643 

.99708 

37 

24 

•02443 

.99970 

.04188 

.99912 

4)5931 

4)9824 

07673 

4)9705 

36 

as 

.0247a 

4)9969 

.04217 

.99911 

-05960 

4)9823 

.07701 

4)9703 

35 

a6 

.0250Z 

•99969 

.04346 

.99910 

4)5989 

4)9821 

07730 

4)9701 

34 


.02530 

.99968 

.0437s 

.99909 

4>6oi8 

.99819 

.07759 

4)9699 

33 

a8 

.02560 

4)9967 

.04304 

,99907 

4>6o47 

4)9817 

07788 

.99696 

33 

89 

.02589 

4)9966 

.04333 

.99906 

4)6076 

.99815 

07817 

4)9694 

31 

30 

.026x8 

4)9966 

x>4363 

4)9905 

4)6105 

.99813 

07846 

.9969a 

30 

31 

432647 

.99965 

.04391 

.99904 

4>6i34 

4)9813 

0787s 

4)9689 

*2 

3 * i 

453676 

4)9964 

.04420 

4)9903 

.06163 

.99810 

.07904 

4)9687 

38 

33 

x> 27 os 

.99963 

.04449 

4)9901 

4)6193 

4)9808 

.07933 

4)9685 

27 

34 

453734 

4)9963 

.04478 

.99900 

4)6231 

-99806 

07963 

4)9683 

26 

35 

•02763 

4)9963 

.04507 

4)9898 

-06250 

I 4)9804 

.07991 

4)9680 

as 

36 

453793 

.99961 

.04536 

.99897 

4)6279 

4)9803 

.08030 

4)9678 

24 

37 

452821 

4)9960 

•04565 

4)9896 

4)6308 

4)9801 

08049 

4)9676 

23 

3S 

452850 

4)9959 

.04594 

4)9894 

.06337 

4)9799 

08078 

4)9673 

33 

39 

452879 

[ 4)9959 

.04623 

4)9893 

-063^ 

4)9797 

08107 

.99671 

31 

40 

4539 <^ 

1 4)9958 

.04653 

4)9893 

4)6395 

4>9795 

08x36 

4)9668 

30 

4 t 

.02938 

•99957 

.04683 

4)9890 

4)6434 

1 .99793 

0816s 

4)9666 

^9 

4a 

452967 

1 4)9956 

.04711 

4)9889 

.06453 

! 4)9793 

08194 

.99664 

x8 

43 

452996 

i 4)9955 

.04740 

4)9888 

-06483 

.99790 

08223 

4)9661 

17 

44 

453025 

4)9954 

.04769 

4)9886 

4)6511 

4 ) 97 ^ 

08253 

.^59 

x6 

<1 

•03054 

4)9953 

.04798 

.^85 

-06540 

4)9786 

.08281 

4)9657 

IS 

46 

453083 

4 ) 99 Sa 

.04827 

.99883 

4)6569 

4)9784 

.08310 

4)9654 

14 


45311a 

4 ) 99 Sa 

^34856 

.^83 

-06598 

4)9783 

08339 

4)9653 

13 

48 

453141 

•99951 

.04885 

! 4)^1 

-06637 

4)9780 

08368 

4)9649 

13 

49 

453170 

4)9950 

.04914 

4)9879 

-06656 

4)9778 

08397 

4)9647 

IX 

50 

453199 

.99949 

.04943 

4)9878 

4)6685 

.99776 

08426 

.99644 

ZO 

51 

^03238 

•99948 

.0497a 

.99876 

4)6714 

.99774 

0845s 

.9064a 

9 

Sa 

453357 

.99947 

.05001 

4)9875 

.06743 

4)9773 

0S484 

.99639 

8 

S 3 

453280 

4)9946 

JOS030 

4)9873 

4)6773 

4)9776 

08513 

.99637 

7 

54 

453316 

•99945 

.05059 

4)9872 

4)6803 

4)9768 

08543 

4)9635 

0 

55 

.03345 

.99944 

4>so88 

4)9870 

.06831 

4)9766 

08571 

.9963a 

5 

56 

.03374 

4)9943 

.05117 

4)9869 

4)6860 

4)9764 

08600 

4)9630 

4 


•03403 

4)9943 

425146 

4)^7 

-06889 

4)9763 

08620 

4)9627 

3 

sS 

45343a 

4)9941 

.0517s 

4)9866 

4)6918 

4)9760 

08658 

.99625 

a 

59 

453461 

.99940 

.05305 

4)9864 

4)6947 

4)9758 

08687 

499623 

X 

fo 

•03490 

4)9939 

J 3 Sa 34 

4)9863 

4)6976 

4)9756 

08716 

4)9619 

0 


Cosink 

Sms 

Cosine 

Sms 

CosrNL 

Sine 

Cosine 

Sink 



88® 

87 ® 1 

86® 1 

si 

5 ® 

! 
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Table 20. — Natural Sines and Cosines — (Continued) 



60 

1 6“ 


7 ® 

1 8® 



SiNB 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

o 

.087x6 

.99619 

.10453 

•99452 

.12187 

.99255 

.13917 

.99027 

60 

I 

.08745 

<>9617 

.X0483 

•99449 

.122X6 

4)9251 

.13946 

.99023 

59 

9 

^774 

.99614 

.10511 

.99446 

.12245 

.99248 

.13975 

4)9019 

58 

3 

.08803 

.996x9 

.X0540 

•99443 

.12274 

4)9244 

.14004 

.99015 

57 

4 

.08831 

.99609 

.10569 

.99440 

.12302 

4)9240 

•14033 

4)9011 

56 

5 

.08860 

.99607 

.10597 

.99437 

.M331 

.99237 

.14061 

.99006 

55 

6 

.08889 

.99604 

.10626 

.99434 

.12360 

4)9233 

.14090 

4)9003 

54 

7 

.089x8 

.99609 

•10655 

•99431 

.12389 

.99230 

.14119 

.98998 

53 

8 

^38947 

4)9509 

.10684 

.99428 

.12418 

.99226 

.14148 

•98994 

52 

9 

^>8976 

.99596 

.10713 

.99424 

.12447 

.99222 

.14177 

.98990 

51 

xo 

jogoo$ 

4>9594 

.Z0743 

.99421 

.13476 

.99219 

.14205 

.98986 

50 

xz 

^9034 

•99591 

.10771 

.99418 

.13504 

.992 IS 

•14234 

.9898a 

49 

X 3 

.09063 

.99588 

.108^ 

.99415 

•13533 

.99211 

.14263 

.98978 

48 

^3 

.09099 

.99586 

.10829 

.99412 

.1256a 

.99208 

.1429a 

•98973 

47 

14 

J09X2X 

.99583 

.10858 

.99409 

.12591 

4)9204 

.14320 

.98969 

46 

»S 

.09150 

4)9580 

.10887 

.99406 

.12620 

4)9200 

.14349 

.98965 

45 

X6 

•09179 

.99578 

.TO916 

.99403 

.12649 

4)9197 

.14378 

.98961 

44 

17 

.09208 

•99575 

.10945 

.90399 

.12678 

4)9193 

.14407 

•98957 

43 

xB 

■09337 

•99572 

.10973 

•99396 

.12706 

4)9189 

.14436 

4)8953 

42 

19 

.09266 

.99570 

.11002 

.99393 

.12735 

4)9186 

.14464 

4)8948 

41 

90 

.09295 

.99567 

.11031 

.99390 

.13764 

4 ) 9 i 8 a 

.14493 

.98944 

40 

91 

•09324 

.99564 

.11060 

.99386 

-12793 

•99178 

.14522 

4)8940 

39 

99 

•09353 

•99563 

.11089 

4)9383 

.1282a 

.99175 

.14551 

.98936 

38 

83 

.09389 

•99559 

.11 118 

.99380 

.12851 

4)9171 

.14580 

•98931 


24 

.09411 

4 ) 9 SS 6 

.11147 

.99377 

.12880 

4 > 9 i 67 

.14608 

.98927 

36 

25 

.09440 

•99553 

.11176 

.99374 

.12908 

4)9163 

.14637 

.98923 

35 

96 

.09469 

•9955 1 

.11205 

.99370 

.12937 

.99160 

.146^ 

4)8919 

34 

27 

•09498 

4)9548 

.11234 

•99367 

.12966 

•99156 

.14695 

4)8914 

33 

23 

.09527 

.99545 

.11363 

.99364 

.12995 

.99152 

.14723 

.98910 

32 

89 

.09556 

•99542 

.1x291 

4)9360 

.13024 

.99148 

.14752 

.98906 

31 

30 

.09585 

.99540 

.11320 

.99357 

.13053 

4)9144 

.14781 

4)8^2 

30 

31 

.09614 

.99537 

.11349 

.99354 

.13081 

•99141 

.14810 

.98897 

*9 

38 

.09649 

•99534 

.11378 

•99351 

.13110 

•99137 

.14838 

4)8893 

aS 

33 

.09671 

•99531 

.11407 

4)9347 

.13139 

4)9133 

.14867 

.988^ 

27 

34 

.09700 

4)9528 

*11436 

.99344 

.13168 

4)9129 

.14896 

.98884 

26 

35 

.09729 

.99526 

.11465 

4)9341 

.13197 

4)9125 

.14925 

4)8880 

25 

36 

.09758 

4)9523 

.11494 

•99337 

.13226 

4 ) 9 X 23 

•14954 

4)8876 

24 


.09787 

.99520 

•11523 

.99334 

.13254 

4)9118 

.14982 

.98871 

23 

38 

x>^i6 

.99517 

.11552 

.99331 

.13383 

4 > 9 ii 4 

.150x1 

.98867 

22 

39 

.09845 

.99514 

.11580 

•99327 

.13313 

.99110 

.15040 

.98863 

21 

40 

.09874 

4 > 9 S 1 I 

.1x609 

.99324 

.13341 

1 .99106 

.15069 

4)8858 

20 

41 

.09903 

.99508 

.11638 

.99320 

.13370 

.9910a 

.15097 

4)8854 

19 

48 

.09932 

.99506 

.11667 

4)9317 

•13399 

4)9098 

.15126 

4)8849 

i 3 

43 

.09961 

•99503 

.11696 

4)9314 

.13427 

4)9094 

.15155 

.98845 

17 

44 

.09990 

•99500 

.11735 

4)9310 

.13456 

.99091 

.15184 

4)8841 

16 

45 

.100x9 

4)9497 

.11754 

4)9307 

.134S5 

.99087 

.15213 

.98836 

IS 

46 

.10048 

•99494 

.11783 

4>9303 

.13514 

4)9083 

.15241 


14 


.10077 

4)9491 

.X1813 

.99300 

.13543 

.99079 

.15270 

4)8827 

13 

48 

.10x00 

4)9488 

.11840 

•99397 

.13572 

.99075 

.15299 

.^23 

12 

49 

. 10 X 35 

4)9485 


4)9293 

.13600 

4)9071 

.15327 

.98818 

11 

50 

.10164 

4)9483 

.Z1S98 

4)9290 

.13629 

4)9067 

.15356 

4)8814 

10 

51 

.10192 

.99479 

.11927 

.99286 

.13658 

.99063 

.15385 

,98809 

2 

53 

.10221 

4)9476 

.11956 

.99283 

.13687 

4)9059 

.15414 

.98805 

! 8 

53 

.10250 

4)9473 

.11985 

4)9279 

.13716 

4)9055 

.15442 

4)8800 

7 

54 

.10270 

4)9470 

.12014 

4)9276 

.13744 

4)9051 

.15471 

.98796 

6 

55 

.XO308 

4)9467 

.12043 

.99273 

.13773 

4)9047 

.15500 

4)8791 

5 

56 

.10337 

4)9464 

.12071 

4)9269 

.13S03 

4»9043 

•15529 

.98787 

4 

57 

.10366 

4)9461 

. 13 X 00 

4)9265 

.13831 

4)9039 

aSSS 7 

4)8782 

3 

58 

.10395 

4)9458 

.13129 

4)9263 

.13860 

.99035 

.15586 

4)8778 

2 

59 

.10424 

4)9455 

.12x58 

4)9258 

.13889 

4)9031 

.15615 

4)8773 

1 

60 

.10453 

4)9452 

.13187 

4)9355 

.13917 

4)9027 

-15643 

.^769 

0 

/ 

CosxNi: 

Sine 1 

i Cosin’; 

Sine 

Cosine 

ISSSI 

Cosine 

Sms 



84 ® 1 

83 ® 1 


81 ® 
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Table 20. — Natural Sines and Cosines — (Continued) 



9® 

0 

0 

1 11® 

1 12® 


r 

Sink 

Cosink 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


O 

•15643 

.98169 

.17365 

.98481 

.190S1 

.98163 

.20791 

.97815 

60 

I 

.15672 

.98764 

•17393 

.^476 

.19109 

.98157 

.20820 

.97809 

50 

2 

•15701 

.98760 

.17422 

,98471 

.19138 

.98152 

.20848 

.97803 

' S8 

3 

.15730 

•98755 

•17451 

.98466 

.19167 

.98146 

.20877 

.97797 

57 

4 

.15758 

•9S751 

-17479 

,98461 

.19195 

.9S140 

.20905 

.97791 

S6 

s 

.15787 

.98746 

.17508 

.98455 

.19224 

.9813s 

.20933 

4)7784 

SS 

6 

.15816 

.98741 

.17537 

.98450 

.19252 

.98129 

.20962 

.97778 

54 

7 

.15845 

.98737 

•1756s 

-9844s 

.19281 

.98124 

.20990 

.97773 

S 3 

8 

.15873 

•98732 

.17594 

.98440 

.19309 

.98118 

.21019 

-97766 

S 3 

P 

.15902 

.98728 

.17623 

4)8435 

.19338 

.98112 

.21047 

.97760 

51 

lO 

•15931 

•98723 

.17651 

4)8430 

.19366 

.98107 

.21076 

•97754 

SO 

IX 

•15959 

.98718 

.17680 

.98425 

.19395 

.98101 

.21104 

.97748 

40 

la 

.15988 

.98714 

.17708 

.98420 

.19423 

.^096 

.21133 

.97743 

48 

13 

.16017 

.98709 

•17737 

.98414 

.19452 

.98090 

.21161 

.97735 

47 

14 

.16046 

.98704 

.17766 

.98409 

.19481 

.98084 

.21189 

•97729 

46 

i«) 

.16074 

.98700 

•17794 

.98404 

.19509 

.98079 

.21218 

.97723 

45 

i6 

.16103 

.98695 

.17823 

•98399 

.19538 

-98073 

.21246 

.97717 

44 

17 

.16132 

.98690 

.17852 

.98394 

.19566 

.98067 

.21275 

.97711 

43 

i8 

.16160 


.178^ 

.983^ 

.1959S 

.98061 

.21303 

.97705 

43 

ip 

.16189 

.98681 

.17909 

•^383 

.19623 

.98056 

.21331 

4)7698 

41 

20 

.16218 

.98676 

.17937 

.^378 

.19652 

.98050 

.21360 

.97692 

40 

21 

.16246 

.98671 

.17966 

-98373 

.19680 

.08044 

.21388 

.97686 

30 

22 

.16275 

.98667 

.17995 

.98368 

.19709 

.98039 

.21417 

.97680 

38 

23 

.16304 

.9S662 

.18023 

.98362 

.19737 

4)8033 

.21445 

.97673 

37 

24 

.16333 

.98657 

.18052 

•98357 

.19766 

.98027 

.21474 

.97667 

36 

a,") 

.16361 

.^652 

.18081 

•98352 

.19794 

.98021 

.21502 

.97661 

3 S 

26 

.16390 

.98648 

.18109 

.98347 

.19823 

.98016 

.31530 

.97655 

34 

27 

.16419 

.98643 

.18138 

.98341 

.19851 

.9S010 

.21559 

.97648 

33 

28 

.16447 

.98638 

.18166 

.98336 

.19880 

.98004 

.21587 

.97642 

33 

2P 

.16476 

.98633 

.18195 

•98331 

.19908 

.97987 

.21616 

.97636 

31 

30 

.16505 

.98629 

.18224 

.98325 

-19937 

.97992 

.21644 

•97630 

30 

31 

.16533 

.98624 

.18252 

.98320 

.19965 

.97987 

.21672 

.97623 

20 

3a 

.1656a 

.98619 

.18281 

4)8315 

.19994 

.97981 

.21701 

.97617 

28 

33 

.16591 

.98614 

.18309 

4K8310 

.20022 

•97975 

.21729 

.97611 

27 

34 

.16620 

^ 6 og 

.18338 

.98304 

.20031 

.97969 

.21758 

.97604 

26 

35 

.16648 

.98604 

.18367 

.98299 

.20079 

.97963 

.21786 

477598 

25 

36 

.16677 

.98600 

.18395 

.98204 

.20108 

.97958 

.21814 

.97592 

24 

37 

.16706 

.98595 

.18424 

.98288 

-20136 

-07952 

.21843 

.97585 

23 

38 

.16734 

.98590 

.18452 

.98283 

.20165 

.97946 

.21871 

4)7579 

23 

3 P 

.16763 

.^585 

.18481 

.98277 

.20193 

.97940 

.218^ 

4)7573 

21 

40 

.1679a 

.98580 

.18509 

.98272 

.20222 

.97934 

.21928 

.97566 

20 

41 

.16820 

.98575 

.18538 

.98267 

.20250 

.97928 

.21956 

.97560 

19 

42 

.16849 

.98570 

.18567 

.98261 

.20279 

.97922 

.21985 

•97553 

x8 

43 

.16878 

4)8565 

.18595 

.98256 

.20307 

.97916 

.22013 

•97547 

17 

44 

.16906 

.^561 

.18624 

4>825o 

-20336 

.97910 

.22041 

.97541 

16 

45 

.16935 

.98556 

.18652 

•98245 

.20364 

.97905 

.22070 

.97534 

IS 

46 

.16964 

4)8551 

.18681 

.98240 ; 

.20393 

.97899 i 

.22098 

4)7528 

14 


.16992 

4)8546 

.18710 

.^234 

.20421 

•97893 

.22126 

4)7521 

13 

48 

.17021 

.98541 

.18738 

4)8229 

.20450 

.97887 

.22155 

.97515 

13 

49 

.17050 

4)8536 

,18767 

.^223 

.20478 

.97881 

.22183 

.97508 

XX 

50 

.17078 

.98531 

.18795 

.98218 

.20507 

.97875 

.22212 

.97503 

10 

51 

.17107 

4)8526 

.18824 

.982x2 

.20535 

.97869 

.22240 

4)7496 

9 

5a 

.17136 

4)8521 

.18852 

.^207 

.20563 

.97863 

.22268 

.97489 

8 

S 3 

.17164 

.98516 

.18881 

.^201 

.20593 

4)7857 

.22297 

4)7483 

7 

54 

.17193 

4)8511 

.18910 

.^196 

.20620 

.97851 

.22325 

4)7476 

6 

55 

.17222 

.^506 

.18938 

4 > 8 i 90 

.20649 

.97845 

.22353 

4)7470 

5 

56 

.17350 

4)8501 

.18967 

4)8185 

.20677 

.97839 

.22382 

.97463 

4 


.17279 

1 .^496 

.18995 

4)8179 

.20706 

.97833 

.22410 

.97457 

3 

5 » 

.17308 

4)8491 

4 ) 84 ^ 

.19024 

.98174 

.20734 

4)7827 

.22438 

.97450 

3 

SP 

.17336 

.1905a 

.^x 68 

.20763 

.97821 

.22467 

4)7444 

X 


.17365 

.98481 

.19081 

4)8163 

.20791 

4)781 5 

.22495 

97437 

0 

/ 

! Cosink 

Sink 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sink 

0 


80® 1 

79® ! 

'78® 1 

77® 
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Table 20, — Natural Sines akd Cosines — {Continued) 



1 

3 ° 

II 14° 

II 15“ 

II 16" 


r 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

o 

•2249s 

•97437 

.24193 

.97030 

,2588a 

.96503 

.27564 

.96 1 26 

60 

I 

.22523 

.97430 

.24220 

.97023 

.25910 

.96585 

.27592 

.96118 


a 

.22552 

4)7424 

.24249 

.97015 

-25938 

.96578 

.27620 

.96110 

58 

3 

.22580 

.97417 

.24277 

.97008 

.25966 

.96570 

.27648 

4)6102 

5 T 

4 

.22608 

.97411 

.24305 

.97001 

.25994 

.96562 

.27676 

4)6094 

S 6 

s 

.22637 

.97404 j 

.24333 

.96994 

.26023 

.96555 

.27704 

.^086 

55 

6 

.22665 

•97398 

.24363 

,96987 

.26050 

.96547 

.27731 

.96078 

54 

7 

.22693 

.97391 

.24390 

.96980 

.26079 

.96540 

.27759 

.96070 

S 3 

§ 

.22722 

•97384 

,24418 

.96973 

.26107 

•96532 

.27787 

.^062 

52 

p 

.22750 

-97378 

.24446 

.96966 

.26135 

.06524 

.27815 

.^>054 

SI 

lO 

.22778 

.97371 

.24474 

.^959 

.26163 

.96517 

.27843 

4)6046 

50 

11 

.22807 

.97365 

.24503 

.96952 

.26191 

.96509 

.27871 

.96037 

49 

13 

.22835 

.97358 

•24531 

•96945 

.26219 

.06502 

.27899 

.96029 

48 

13 

.32863 

•97351 

.24559 

.96037 

.26247 

•96494 

.27927 

.96021 

47 

14 

.22892 

•97345 

.24587 

.96030 

.26275 

.96486 

.27955 

4)6013 

46 

IS 

.22920 

.97338 

.24615 

.96923 

.26303 

.96479 

.27983 

4 )6 oos 

45 

i6 

.22948 

•97331 

.24644 

.96916 

.26331 

4 > 647 I 

.28011 

-95997 

44 

17 

.22977 

.97325 

.24672 

.96909 

.26359 

.96463 

.28039 

4)5989 

43 

i8 

.23005 

.97318 

.24700 

.96902 

.26387 

.96456 

.28067 

.95981 

42 

ip 

.23033 

.97311 

.24728 1 

.96804 

.26415 

.96448 

.28095 

4)5972 

41 

30 

.33062 

.97304 

.24756 

.96887 

.26443 

.96440 

.28123 

.95964 

40 

31 

.23090 

.97298 

.24784 

.96880 

.26471 

.96433 

.28150 

4)5056 


23 

.23118 

.97291 

.24813 

.96873 

.26500 

.96425 

.28178 

.95948 

38 

23 

33146 

.97284 

.24841 

.06866 

.26528 

.96417 

,28206 

4)5940 

37 

24 

.23175 

.97278 

.24869 

.^858 

.26556 

.96410 

.28234 

•95931 

36 

2S 

.23203 

.97271 

.24897 

.96851 

.26584 

.^402 

.28262 

4)5923 

35 

26 

.23231 

.97264 

.24925 

.96844 

.266x2 

.96394 

.28290 

4)5915 

34 

27 

.23260 

.97257 

.24954 

,96837 

.26640 

.96386 

,28318 

.95907 

33 

28 

.23288 

•97251 

.24982 

.^829 

.26668 

.96379 

.28346 

4)5898 1 

33 

ap 

.23316 

.97244 

.25010 

,96822 

.26696 

.96371 

.28374 

4)5890 1 

3 * 

30 

.23345 

.97237 

.25038 

.^815 

.26724 

06363 

.2840a 

.95882 

30 

31 

.23373 

.97230 

.25066 

.96807 

.2675a 

4)6355 

.28429 

4)5874 

29 

32 

.23401 

4)7223 

,25094 

.^800 

.26780 

.96347 

.28457 

.95865 

aS 

33 

.23420 

4)7217 

.25122 

.96703 

.26808 

4)6340 

.28485 

4)5857 

27 

34 

.23450 

.97210 

.25151 

.^786 

.26836 

4)6332 

.28513 

4)5849 

26 

35 

.33486 

4)7203 

.25179 

.96778 

.26864 

4)6324 

.28541 

.95841 

25 

36 

.33514 

.97106 

.25207 

.96771 

.26892 

4)6316 

.28569 

4)5832 

24 

37 

.23543 

.97x89 

.25235 

.96764 

-26920 

.^308 

.28597 

4)5824 

23 

38 

.23571 

4)7182 

.25263 

.96756 

.26948 

.96301 

.28625 

-95816 

' 22 

39 

.33599 

.97176 

.25291 

.96749 

.26976 

.96293 

.28653 

4)5807 

2 Z 

40 

.23637 

4)7169 

.25320 

,9674a 

.27004 

.96285 

.286^ 

4)5799 

20 

41 

.23656 

.97162 

.25348 

•96734 

-27032 

.96277 

.28708 

4)5791 


42 

.23684 

4)7155 

.25376 

,96727 

.27060 

.96269 

.28736 

4)5782 

iS 

43 

.23713 

.97148 

.25404 

,96719 

.27088' 

,96261 

.28764 

4)5774 


44 

.23740 

.97141 

.25432 

.96712 

.27116 

4)6253 

.28793 

4)5766 

z6 

45 

.23769 

4 » 7 i 34 

.25460 

.96705 

-27144 

4)6246 

.28820 

-95757 

15 

46 

-23797 

.97127 

.25488 

,966517 

.2717a 

.96238 

.28847 

4)5749 

14 

47 

.23825 

.97120 

.25516 

.96690 

.27200 

.96230 

.28875 

4)5740 

13 

43 

•23853 

4)7113 

.25545 

.96682 

.27228 

4)6222 

.28903 

4)5733 

12 

49 

.23883 

4 ) 7 io 6 

.25573 

.96675 

.27256 

.96214 

.28931 

4)5724 

XX 

SO 

.23910 

.97100 

.25601 

.96667 

.27384 

^206 

.28959 

4)5715 

zo 

SI 

.23938 

.97093 

.25629 

.96660 

.27312 

.96x98 

.28987 

4)5707 

g 

52 

.23966 

4 ) 70 ^ 

.25657 

.96653 

.27340 

.^190 

.29015 

.95698 

8 

S 3 

.23995 

,97079 

.25685 

.96645 

.27368 

^182 

.2904a 

4)5690 

2 

S 4 

.24023 

4)7072 

.25713 

,96638 

.27396 

.96174 

.29070 

4 )S 68 i 

0 

55 

.24051 

.97065 

.25741 

,96630 

.27424 

.96166 

12909S 

-95673 

5 

56 

.24079 

.97058 

.25769 

,96633 

.2745a 

.^158 

.29136 

.95664 

4 

57 

.24108 

.97051 

‘ .25798 

u)66i5 

.27480 

4)6150 

.29154 

.95656 

3 

58 

.24136 

.97044 

.35826 

.96608 

.27508 

4)6143 

.29182 

.95647 

2 

59 

.24164 

•97037 

.25854 

.96600 

.27536 

4)6134 

.29209 

.95639 

I 

&> 

.24192 

.97030 

.2588a 

.96593 

.27564 

.96x26 

.29237 

4)5630 

0 


Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

COSZNS 

Sine 

V 


70° II 

75 

;o 

74° U 

1 73° 1 
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Table 20. — Natural Sines and Cosines — {Continued) 



17® 

1 18 ° 

1 19® ' 

1 20® 


9 

SiNB 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

t 

O 

.39237 

.95630 

.3090a 

.95106 

.32557 

• 94 SS 2 

.34202 

.93969 

60 

X 

.39265 

.9562a 

.30929 

.95097 

.32584 

-9454a 

•34229 

•93959 

59 

2 

.39293 

.95613 

.30957 

.95088 

.32612 

.94533 

.34257 

•93949 

53 

3 

.29321 

.95605 

.30985 

.95079 

.32639 

.94523 

.342S4 

•93939 

57 

4 

.29348 

.95596 

.3101a 

.95070 

.32667 

.94514 

•3431 1 

•93929 

56 

5 

.29376 

.95588 

-31040 

4 ) 5 o 6 i 

.32694 

.94504 

•34339 

-93919 

55 

6 

.39404 

-95579 

.31068 

.9505a 

.32722 

•94495 

.34366 

.93909 

54 

7 

•29433 

.95571 

•3109s 

-95043 

.32749 

.94485 

.34393 

.93899 

53 

8 

.39460 

•95562 

.31123 

.95033 

.32777 

.94476 

-34421 

.93889 

52 

P 

.29487 

•95554 

•31151 

.95024 

.32804 

.94466 

.34448 

.93879 

51 

lO 

.29515 

4 >SS 45 

.31178 

4)5015 

.32832 

•94457 

•34475 

.93869 

SO 

XX 

.29543 

•95536 

.31306 

.95006 

.32859 

.94447 

.34503 

.93859 

49 

X 2 

•29571 

.95528 

•31233 

4)4997 

.32887 

.94438 

.34530 

.93849 

48 

13 

•29599 

•95519 

.31261 

.949^ 

.32914 

.94428 

•34557 

•93839 

47 

14 

.29626 

•95511 

.31289 

4)4979 

.32942 

.94418 

.34584 

.93839 

46 

15 

.39654 

•95502 

.31316 

.94970 

.32969 

.94409 

.34612 

4)3819 

45 

x6 

.29683 

•95493 

•31344 

.94961 

.32997 

4)4399 

.34639 

4)3809 

44 

17 

.29710 

•95485 

•31372 

•9495a 

.33024 

.94390 

.34666 

.93799 

43 

i8 

.29737 

.95476 

•31399 

4)4943 

.33051 

.94380 

.34694 

•93789 

42 

Ip 

•29765 

.95467 

.31427 

4)4033 

.33070 

.94370 

.34721 

.93779 

41 

30 

.29793 

•95459 

.31454 

.94924 

.33106 

.94361 

.34748 

4)3769 

40 

SI 

.2982 X 

.95450 

.3148a 

.94915 

.33134 

•94351 

•34775 

•93759 

39 

83 

.39849 

4)5441 

.31510 

.94906 

.33161 

.94342 

.34803 

4)3748 

38 

S 3 

.29876 

.95433 

.31537 

.94897 

•33189 

.94332 

.34830 

4)3738 

37 

*4 

.29904 

4)5424 

.31565 

.94888 

.33216 

.94322 

.34857 

4)3728 

36 

S 5 

.29933 

.95415 

.31593 

4)4878 

.33244 

.94313 

.34884 

•93718 

35 

3 b 

.39966 

•95407 

.31620 

.94869 

•33271 

•94303 

.3491a 

4 ) 37 o 8 

34 


.29987 

• 953 <jS 

.31648 

.94860 

•33298 

.94293 

.34939 


33 

38 

.30015 

•95389 

•3167s 

.94851 

.33326 

474284 

.34966 

.93688 

32 

39 

•30043 

.95380 

.31703 

.9484a 

.33353 

.94274 

.34993 

•93677 

31 

30 

.30071 

•95373 

•31730 

.9483a 

.33381 

.94264 

.35021 

.93667 

30 

31 

.30098 

.95363 

.31758 

.94833 

•33408 

.94254 

•35048 

•93657 

29 

3 ^ 

.30126 

• 9 S 3 S 4 

.31786 

.94814 

.33436 

.94245 

.35075 

•93647 

28 

3 o 

•30154 

4)5345 

.31813 

.94805 

.33463 

•9423s 

.3510a 

4)3637 

27 

34 

.30183 

4)5337 

.31841 

4)4795 

.33490 

.94225 

.35130 

.93626 

26 

35 

.30209 

4)5328 

.31868 

.94786 

•33518 

.94215 

-35157 

.93616 

as 

36 

•30237 

.95319 

.31896 

.94777 

•33545 

.94206 

■35184 

4)3606 

24 

32 

.30265 

4)5310 

.31923 

.94768 

•33573 

.94196 

.35211 

4)3596 

23 

38 

.30292 

4)5301 

•31951 

.94758 

.33600 

^>4186 

•35239 

4)3585 

23 

39 

.30320 

.95293 

.31979 

■94749 

•33627 

.94176 

.35266 

•93575 

ax 

40 

.30348 

.95284 

.32006 

.94740 

•3365s 

.94167 

.35293 

4)3565 

ao 

41 

.30376 

.95375 

.33034 

.94730 

.3368a 

.94157 

.35320 

•93555 

19 

43 

.30403 

.95266 

.32061 

4 ) 47 ai 

•33710 

.94147 

•35347 

4)3544 

x8 

43 

•30431 

.95257 

.32089 

" 4 > 47 ia 

.33737 

4)4137 

•35375 

4)3534 

17 

44 

.30459 

.95248 

.32116 

4)4 70a 

.33764 

4)4127 

.3540a 

4)3524 

x6 


.30486 

.95240 

.32144 

.94693 

.3379a 

.94118 

•35429 

4)3514 

IS 

46 

.30514 

.95231 

.32171 

.94684 

.33819 

.94108 

.35456 

4)3503 

14 

47 

.30542 

.95222 

.32199 

4)4674 

•33846 

.94098 

.35484 

4)3493 

13 

48 

.30570 

.95213 

.32227 

.94665 

•33874 

474088 

•35511 

4)3483 

la 

49 

*30597 

4)5204 

.32254 

•94656 

•33901 

474078 

.35538 

•9347a 

It 

SO 

.30625 

4)5195 

.32282 

.94646 

.33929 

4 > 40 <^ 

.35565 

4 ) 346 a 

10 

51 

.30653 

.95186 

.32309 

4)4637 

.33956 

.94058 

•35593 

4)3452 

9 

5a 

.30680 

.95177 

.32337 

.94627 

•33983 

474049 

.35619 

4)3441 

8 

53 

.30708 

.95168 

.32364 

4 > 46 i 8 I 

.34011 

.94039 

.35647 

4)3431 

7 

54 

.30736 

4)5159 

.3239a 

4)4609 

.34038 

.94039 

.35674 

4)3420 

6 

55 

.30763 

4)5150 

.32419 

4)4599 

•3406S 

474019 

.35701 

.93410 

5 

56 

.30791 

.95142 

.32447 

4)4590 

.34093 

■94009 

.35728 

4)3400 

4 


.30819 

*95133 

.32474 

4)4580 

.54120 

4)3999 

•35755 

4)3389 

3 

s8 

.30846 

4)5124 

.32503 

4)4571 

.34147 

*93989 

.35783 

4)3379 

a 

59 

.30874 

4)5115 

.32529 

4)4561 

.34175 

4)3979 

.35810 

4)3368 

I 

60 

.3090a 

.95x06 

.32557 

1 4 ) 4 SSa 

.3420a 

4)3969 

.35837 

4 ) 33 S 8 

& 

9 

Cosine 

Sins 


1 Sine 

Cosine 

Sine 

Cosine 

Sins 

9 


72° 1 

71° 

1 70° 1 

69® 
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Table 20. — Natural Sin'eb and Cosines — {('Continued) 



\ 21° 

II 22 ® 

II 23 ® 

il 24 ® 


' 

SlKE 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

o 

•35837 

•93358 

•37461 

.92718 

•39073 

.92050 

.40674 

•91355 

60 

1 

.35864 

■93348 

.37488 

.92707 

.39100 

•92039 

.40700 

.91343 

59 

a 

•35891 

-94337 

.37515 

.92697 

•30127 

.92028 

.40727 

-91331 

S8 

3 

•35918 

•93327 

.37542 

.92686 

•39153 

.92016 

•40753 

•91319 

57 

4 

.35945 

•93316 

.37569 

.92675 

.39180 

-92005 

.40780 

.91307 

56 

5 

.35973 

-03306 

■37595 

.92664 

-39207 

.91994 

.40806 

-91295 

55 

6 

.36000 

•9329s 

.37622 

4)2653 

•39234 

.91982 

.40833 

.91283 

54 

7 

.36027 

.93285 

•37649 

.92642 

.39260 

.91971 

.40860 

.91272 

53 

8 

.36054 

.03274 

-37676 

.92631 

.39287 

.91959 

.40886 

.91260 

52 

9 

.36081 

.03264 

•37703 

.92620 

-39314 

,91948 

.40913 

.91248 

SI 

lO 

.36108 

•93253 

•37730 

.92609 

•39341 

•91936 

.40939 

.91236 

50 

31 

•3613s 

•93243 

•37757 

.92508 

.39367 

-91925 

.40966 

4)1224 

40 

33 

.36162 

•93232 

•37784 

.92587 

.39394 

.91914 

.40993 

4)1212 

48 

33 

.36190 

.93222 

•37811 

.92576 

.39421 

.91902 

.41019 

4)1200 

47 

34 

.36217 

•9321 T 

-37838 

•9256s 

.39448 

.91891 

.41045 

4)ii88 

46 

3 5 

•36244 

•93201 

-37865 

.92554 

.39474 

.91879 

1 -jro72 

.91176 

45 

36 

.36271 

•93190 

•37892 

.92543 

.39501 

.91868 

.41098 

.91164 

44 

37 

.36298 

•93180 

.37919 

-92532 

•39528 

.91856 

.41125 

.91152 

43 

3 3 

•36325 

•93169 

•37946 

.92521 

*39555 

.91845 

.41151 

.91140 

42 

3 p 

•36352 

•93159 

.37973 

.92510 

.39581 

.91833 

.41178 

.91128 

41 

SO 

.36379 

.93148 

.37999 

4)2499 

.39608 

.91822 

-41204 

.91116 

40 

21 

.36406 

.93137 

.38026 

.92488 

.39635 

.91810 

.41231 

.91104 

39 

22 

.36134 

.03127 

.38053 

,92477 

.39661 

.91799 

.41257 

4)1092 

38 

23 

.36461 

.93116 

.38080 

.92466 

.39688 

.91787 

.41284 

4)io8o 

37 

24 

.36438 

•93106 

.38107 

.92455 

•397 IS 

.91775 

.41310 

4)xo68 

36 

25 

■36515 

•9300s 

•38134 

.92444 

•39741 

.91764 

.41337 

4)1056 

35 

26 

.36542 

.93084 

.38161 

.92432 

.39768 

•91752 

.41363 

.91044 

34 

27 

.36569 

.93074 

.38188 1 

.92421 

.39795 

.91741 

.41390 

.91032 

33 

28 

•36596 

.93063 

.38215 

.92410 

.39822 

.91729 

.41416 

.91020 

32 

20 

.36623 

.93053 

.38241 

4)2399 

.39848 

.91718 

.41443 

.91008 

31 

30 

.36650 

.93042 

.382(^ 

.92388 

.39875 

.91706 

.41469 

4)0996 

30 

31 

.36677 

.93031 

.38295 

.92377 

.39902 

.91694 

.41496 

.90984 

29 

32 

.36704 

.93020 

.38322 

.02366 

.39928 

.91683 

.4152a 

4)0972 

28 

33 

•36731 

.93010 

.38349 

.92355 

•39955 

.91671 

•41549 

4)0960 

27 

34 

•36758 

.92909 

.38376 

.92343 

•39982 

-91660 

•41575 

4)0948 

26 

35 

.36785 

.92988 

.38403 

•92332 

.40008 

.91648 

,41602 

4)0936 

25 

36 

.36812 

.92978 

.38430 

.92321 

.40035 

4)1636 

.41628 

•90924 

24 

37 

.368:9 

.92967 

•38456 

.92310 

.40062 

.91625 

.41655 

.909x1 

23 

38 

.36867 

.92956 

.38483 

.92299 

.40088 

.91613 

.41681 

.90899 

22 

39 

.36894 

.92945 

.38510 

.92287 

.40115 

.91601 

-JI 707 

.90887 

21 

40 

.36921 

.92935 

.38537 

,92276 

.40141 

.91590 

.41734 

4 )o 87 S 

20 

41 

.36948 

1 .92924 

.38564 

.92265 

.40168 

.91578 

-41760 

4)0863 

19 

42 

•36975 

.92913 

.38591 

.92254 

.40195 

.91566 

-41787 

4)0851 

18 

43 

.37002 

.92903 

.38617 

.92243 

.40221 

.91555 

.41813 

.90839 

17 

44 

.37029 

.93892 

.38644 

.92231 

.40248 

.91543 

-41840 

4)0826 

16 

45 

.37056 

.92881 

.38671 

.92220 

.40275 

•91531 

.418^ 

.90814 

15 

46 

.37083 

.92870 

.38698 

.92209 

.40301 

•91519 

.41892 

.90802 

14 

47 

.37110 

.92859 

.38725 

.92198 

.40328 

4)1508 1 

.41919 

4)0790 

13 

48 

■37137 

.92849 

.38752 

.92186 

.40355 

J91496 

•4194s 

4)0778 

12 

49 

•37164 

.92838 

.38778 

•92175 

.40381 

,91484 

-41973 

4)0766 

IZ 

50 

.37191 

.92827 

.38805 

.92164 

.40408 

4)1472 

-41998 

•90753 

ZO 

51 

.37218 

.92816 

.38832 

.92152 

.40434 

.91461 

.42024 

.^741 

9 

52 

.37245 

.92805 

•38859 

.92141 

.40461 

.91449 

.42051 

4)0729 

§ 

53 

•37273 

.92794 

.38886 

4)2130 

.40488 

.91437 

.42077 

.90717 

7 

54 

•37299 

•92784 

.3891a 

.92119 

.40514 

.91425 

.42104 

.90704 

0 

55 

•37326 

•92773 

•38939 

.92107 

-40541 

.91414 

.42130 

4)0692 

5 

56 

•37353 

.92762 

.38966 

4)2096 

.40567 

4)1402 

.42156 

.9o6to 

4 

57 

.37380 

.92751 

.38993 

.92085 

,40594 

•91390 

-42183 

4>o66S 

3 

S8 

•37407 

.92740 

.39020 

.92073 

-40621 

.91378 

.42209 

4)0655 

a 

P 

•37434 

-92729 

.39046 

4)2062 

-40647 

4)1366 

.42235 

4 >o 643 

1 

60 

.37461 

.92718 

■39073 

4)2050 

.40674 

.91355 

.42262 

.90631 

0 

t \ 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

r 


68? 11 

67 ® (1 

66 

i® 

65 ® 1 
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Table 20. — Natithal Sines and Cosines— 



25 ° 

1 26 ° 

1 27 ° 

1 28 ° 


f 

Sine 

Cosine 

1 Sine 

Cosine 

Sine 

Cosine 

1 Sine 

Cosine 

' 

o 

^2262 

.90631 

.43837 

.89879 

.45399 

.80101 

.46947 

.88295 

6:> 

X 

-42288 

.90618 

.43863 

.89867 

.45425 

.89087 

-46973 

.88281 

59 

a 

•43315 

.90606 

.43889 

. 8^54 

•45451 

.89074 

.46909 

.88267 

5 ^ 

3 

-♦2341 

.90594 

.43916 

.8^.11 

•45477 

^ijo6i 

.470.-4 

.88254 

57 

4 

.42367 

.90582 

.439/13 

.89828 

.45503 

.8^48 

.4 7050 

.88240 

56 

5 

.42394 

.90569 

.43968 


.45529 

.89035 

.47076 

.88226 

55 

6 

.42420 

•905:7 

.43994 


.45554 

.8<)oa t 

-17101 

.88213 

54 

7 

.42446 

.90545 

.44020 

.89790 

.45580 

.89008 

.47127 

ii 8 l 99 


8 

•42473 

•90532 

.44046 

ib 777 

-45O06 

.88905 

.47153 

.88185 

53 

9 

.42499 

.Q0520 

■44072 

.89764 

-45632 

.88981 

.47 1 78 

.88172 

51 

lO 

.42525 

-90507 

.44098 

.89752 

.45658 

.88968 

.47204 

.88158 

SO 

11 

.42552 

4 >o 405 

.44124 

-89739 

.45684 

.88955 

.47229 

.88144 

49 

I? 

.42578 

.904 ■'■^3 

-44151 

.89726 

.45710 

JS8943 

.47255 

.88x30 

43 

13 

-42604 

.90470 

-J4177 

.80713 

.45736 

.88928 

.47281 

.88117 

47 

14 

.42631 

4 ) 04:8 

-44203 

.8.9700 

-45762 

.88915 

-17306 

.88103 

46 

J'i 

-42657 

.90446 

- 4/1220 

-89687 

-45787 

.88002 

.47333 

.88089 

43 

i6 

.42683 

•00433 

-44255 

.89674 

-45813 

.88888 

.47358 

.8807 s 

44 

17 

.42709 

.90421 

.44281 

.89662 

-^5839 

ii887S 

-^7383 

.88062 

43 

i8 

.42736 

.9040S 

-44307 

.8^49 

-15865 

.88862 

-17409 

.88048 

42 

19 

.42762 

.90306 

.44333 

.89636 

.45891 

.88848 

.47434 

.88034 

41 

20 

.42788 

.90383 

.44359 

.89623 

-45917 

.88835 

.47460 

.88020 

40 

21 

.42815 

.90371 

-44385 

.89610 

.45943 

.88822 

.47486 

.88006 

39 

22 

-42S41 

•90358 

.44411 

.89597 

-45963 

.S8808 

•47511 

.87993 

3J 

23 

-42867 

.90346 

•44437 

.89584 

-45994 

.^^795 

•47537 

.87979 

37 

24 

.42894 

.90334 

.44464 

.89571 

.46020 

.88782 

-47562 

.87965 

36 

25 

.42920 

.90321 

.44490 

.89558 

.46046 

.88768 

-17588 

.87951 

35 

26 

.42946 

.90309 

.44516 

.89545 

.46073 

.88755 

-17614 

.87937 

34 

27 

.42972 

.90296 

-44542 

.89:3a 

,46097 

.88741 

.47639 

.87923 

33 

28 

.42999 

.90284 

, 4-4563 

.89:19 

.40 1 23 

.88728 

.47665 

.87900 

3a 

29 

.43025 

.90271 

•44 =^94 

.89:06 

.46149 

.88715 

.47690 

.87896 

31 

30 

.43051 

.90259 

-44620 

'89493 

-46x7s 

.88701 

-47716 

.87883 

30 

31 

.4307'/ 

.90246 

.44646 

.89480 

.46201 

.88688 

-17741 

.87868 

29 

32 

.43104 

.90233 

.44672 

iJg ’67 

.46226 

.88674 

-47767 

.87854 

23 

33 

•43130 

.90221 

-4469S 

.89454 

-46252 

.88661 

-47793 

.87840 

27 

34 

.43156 

.90208 

,44724 

.89441 

-162 78 

.88647 

-47818 

^*7826 

25 

35 

.43182 

.90196 

-44 7 50 

.89428 

-46304 

.88634 

-47844 

.87813 

25 

36 

-43209 

.90IS3 

.44776 

.89415 

-46330 

.88620 

.47869 1 

.87798 

24 

37 

.43235 

•90I7I 

.44803 

.89402 

-46355 

.88607 

-4789s ! 

.87784 

23 

38 

-<3261 

.90158 

.4482S 

.89389 

.46381 

.88593 

-47920 

-B7770 

22 

39 

,43287 

.90146 

.44854 

.89376 

.46407 

.88^80 

•47946 

.87756 

21 

40 

.43313 

.90133 

.44880 

.89363 

-46433 

.88566 

-47971 

.87743 

20 

41 

-43340 

.90120 

-44906 

.89350 

-46458 

.88553 

-47997 

.87729 

19 

43 

.43366 

.goicS 

.44932 

.89337 

-46484 

.88539 

-48022 

.87715 

x8 

43 

-43392 

.90095 

-44958 

.89324 

-46510 

.88526 

-48048 

.87701 

17 

44 

-43418 

.90082 

.44984 

.89311 

-46536 

.88513 

-48073 

.87687 

16 

45 

•43445 

.90070 

-45010 

^2qS 

.46561 

iJ 8499 

.48099 

.87673 

15 

46 

-43471 

.90057 

-45036 

.89285 

-465S7 

.88485 

.48124 

.87659 

14 

47 

-43497 

4)0045 

-45062 

.89272 

-46613 

.8847a 

.48150 

.87645 

13 

48 

.43523 

,90032 

.450S8 

.892:9 

-46639 

.88458 

.48175 

.87631 

12 

49 

.43549 

.90019 

.45114 

.89245 

.46664 

.88445 

^4820 1 

.87617 

IX 

50 

•43575 

.90007 

.45140 

.89232 

.46690 

.88431 

.48226 

.87603 

to 

SI 

.43602 

.89994 

-45166 

.89219 

-46716 

.88417 

.48252 

.87589 

0 

53 

.43628 

.89981 

4519a 

ii92o6 

-4674a 

.88404 

-48277 

.87575 

8 

S 3 

.43654 

.89^8 

.452x8 

.89193 

.46767 

.88390 

-48303 

•87561 

7 

54 

-436^ 

.89956 

•45243 

.89180 

-46793 

.88377 

-48328 

.87546 

6 

55 

-43706 

.89943 

.45260 

.89167 

-46819 

.88363 

-48354 

.87533 

5 

56 

-43733 

.89930 

.4529s 

.89153 

-46844 

.88349 

-48379 

.87518 

4 


-43759 

.8^18 

-45321 

.89140 

.46870 

.88336 

.48405 

.87504 

3 

58 

.43785 

.89005 

.45347 

.89x27 

-46896 

.8832 a 

-48430 

.87490 

z 

59 

.43811 

.89892 

•45373 

.891x4 

.46921 

,88308 

.48456 

.87476 

X 

60 

.43837 

. 8^79 

•45399 

-89x01 

-46947 

.88295 

-4848X 

.87463 

0 

/ 

Cosine 

Sine 

Cosine 

Sine 

I Cosine 

Sine 

Cosine 

Sine 

/ 

- ^ 

64® { 

c: 

5® 

62® 1 

61® 1 
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Table 20 .— Natural Sin'es and Cosines — (Continued) 



29 ° 

I 30 ° 

II 31 ° 

32 ® 


/ 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 


o 

.48481 

.87462 

.50000 

.S0603 

.51504 

-85717 

.52992 

.84805 

60 

I 

.48506 

.87448 

.50025 

.86588 

.51529 

.8 <5702 

.53017 

.84789 

59 

2 

•48532 

.87434 

.50050 

.86573 

.51554 

.85687 

•53041 

•84774 

58 

3 

•48557 

.87420 

.50076 

.86559 

.51579 

.85672 

.53066 

•84759 

57 

4 

•48583 

.87406 

.50101 

.86544 

.51604 

.85657 

•SSopx 

•84743 

56 

.«> 

.48608 

.87391 

.50126 

.86530 

.51628 

.85642 

.53115 

.84728 

55 

6 

.48634 

•87377 

.50151 

.86515 

.51653 

.85627 

•53140 

.84713 

54 

7 

•486S6 

.87363 

.50176 

.86501 

.51678 

.85612 

•53164 


S3 

a 

.48684 

.87349 

.50201 

.86486 

.51703 

.85597 

.53189 

.84681 

52 

p 

.48710 

.87335 

.50227 

^{0471 

.51728 

.85582 

.53214 

.84666 

51 

lo 

•48735 

.87321 

•50252 

.86457 

.51753 

•85567 

.53238 

.84650 

SO 

11 

.48761 

.87306 

.50277 

.86442 

.51778 

.85551 

- 532 ^ 

.84635 

49 

12 

.48786 

.87292 

.50302 

.86427 

.51803 

-85536 

.5328^ 

.84619 

48 

13 

.48811 

.87278 

.50327 

.86413 

.51828 

.85521 

.53312 

.84604 

47 

14 

.48837 

.87264 

•50352 

.86398 

.51852 

.85506 

.53337 

.84588 

46 

!,«; 

.48863 

.87250 

.50377 

.86384 

-S1877 

.85491 

•53361 

.84573 

45 

i6 

.48888 

•8723s 

.50403 

.86369 

.51902 

.85476 

.53386 

.84557 

44 

37 

-48913 

.87221 

-50428 

.86354 

.51927 

.85461 

-5341 1 

.84542 

43 

i8 

.48938 

.87207 

..50453 

.86340 

•51952 

.85446 

•53435 

.84526 

42 

3P 

.48964 

.87 ’93 

.50478 

.86325 

.51977 

.85431 

■53460 

.84511 

4 X 

so 

.48989 

.87178 

.50503 

.86310 

.52002 

.85416 

.53484 

.84495 

40 

SI 

.49014 

.87164 

.50528 

.86295 

.52026 

.85401 

.53509 

.84480 

30 

23 

.49040 

.87150 

.50553 

.86281 

.52051 

.85385 

.53534 

.84464 

38 

23 

.49065 

.87136 

•50578 

.86266 

.52076 

.85370 

.53558 

.84448 

37 

24 

. 490<)0 

.87121 

.50603 

.86251 

.52101 

.85355 

•53583 

.84433 

36 

25 

.49116 

.87107 

.50628 

.86237 

.52126 

.85340 

•53607 

.84417 

35 

26 

.49141 

.87093 

.50654 

.86222 

.52151 

.85325 

.5363a 

.8440a 

34 

27 

.49x66 

.87079 

.50679 

.86207 

.52175 

.853x0 

•53656 

.84386 

33 

28 

.49102 

.87064 

.50704 

.86192 

.52200 

.85294 

.53681 

.84370 

32 

20 

.49217 

.87050 

.50729 

.86178 

.52225 

.85279 

.5370s 

.84355 

3 t 

30 

.49242 

.87036 

•50754 

.86163 

.52250 

ii5264 

.53730 

.84339 

30 

31 

.49268 

.87021 

•50779 

.86148 

.52275 

.85249 

•53754 

.84324 

29 

32 

.49293 

.87007 

.50304 

.86133 

.52299 

.85234 

•53779 

.84308 

aS 

33 

.49318 

.86993 

.50829 

.86119 

.52324 

.85218 

•53804 

.8429a 

27 

34 

i .49344 

.86978 

.50854 

.86104 

.52349 

.85203 

.53828 

.84277 

a6 

35 

•49369 

.86964 

.50879 

.86089 

.52374 

.85188 

.53853 

.84261 

25 

36 

1 -49394 

.86949 

.50904 

.86074 

•52399 

.85173 

.53877 

.8424s 

24 

37 

•49419 

.8693s 

.50929 

.86059 

•52423 

.85157 

•53902 

.84230 

23 

38 

•40445 

.86921 

•50954 

.86045 

.52448 

.85142 

.53926 

.84214 

22 

39 

.49470 

.86906 

.50979 

.86030 

.52473 

.85127 

.53951 

.84198 

2 X 

40 

•40495 

.86892 

.51004 

.86015 

.52498 

.85112 

.53975 

.8418a 

20 

41 

.49521 

.86878 

•51029 

.86000 

.52522 

.85096 

.54000 

.84167 

10 

42 

•40546 

.86063 

•5 1054 

.85985 

•52547 

.85081 

.54024 

.84151 

18 

43 

•40571 

.86849 

.51079 

.85970 

.52572 

.85066 

•54049 

.84x35 

17 

44 

.40596 

.86834 

.51104 

.85056 

.52597 

.85051 

.54073 

.84120 

16 

45 

.49622 

.86820 

.51129 

.85941 

.52621 

.85035 

•54097 

.84104 

IS 

46 

.49647 

.86805 

.51154 

.85926 

.52646 

.85020 

•54122 

.84088 

14 

47 

.49672 

.86791 

.5x179 

.85911 

.52671 

^5005 

.54146 

.84072 

13 

48 

•49697 

.86777 

■ .51204 

.85896 

.52696 

.84989 

.54171 

.84057 

X2 

40 

.49723 

.86762 

.51229 

! .85881 

.52720 

.84974 

.54195 

.84041 

xz 

50 

.40748 

.86748 

.51254 

.85866 

•52745 

.84950 

.54220 

.84025 

xo 

51 

-40773 

.86733 

.51379 

.85851 

.52770 

.84043 

I .54244 

.84009 

9 

52 

.49798 

.86719 

•5x304 

.85836 

.52794 

^^4928 

.54269 

.83094 

8 

S 3 

-49824 

I .86704 

•51329 

.8582 1 

.52819 

.84913 

•54293 

.83078 

7 

54 

-49840 

-86690 

, .5x354 

.85806 

.52844 

.84897 

..54317 

.83962 

6 

55 

.40874 

.86675 

..5x379 

.85792 

.52869 

.84882 

.54343 

.83946 

5 

S6 

.49899 

.86661 

•5x404 

.85777 

, .52893 

.84866 

.54366 

.83930 

4 

^2 

-49924 

.86646' 

.51429 

.85762 

.529x8 

.84851 

.54391 

.839x5 

3 

58 

49950 

.86632 

.5x454 

.85747 

.52943 

.84836 

•54415 

.83% 

a 

1 ? 

•49975 

.86617 

.51479 

.85732 

.52967 

.84820 

.54440 

.83883 

z 

£0 

.50000 

.86603 

.5x504 

.857x7 

•52992 

.84805 

.54464 

.83867 

0 

/ 

CosmE 

Sine 

CosmK 

Sine 

Cosine 

Sins 

Cosine 

Sine 



60 ° li 

5dS __ jj 

58 ° 11 

1 
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Table 20. — Natural Sines and Cosines — (Continued) 


t 

a 

Sine 

Cosine 

34 ® 

Sink | Cosine 

35 “ 

1 Sine j Cosine 

3 

Sine 

6® 

Cosine 

/ 

o 

.54464 

.83867 

.55919 

.82904 

.57358 

.81915 

.58779 

.80903 

60 

I 

.54488 

.83851 

.55943 

.82887 

.57381 

.81899 

.58803 

A>88s 

50 

a 

•54513 

.8383s 

.55968 

£2871 

.57405 

.81882 

.58826 

.80867 

58 

3 

.54537 

.83819 

•55993 

.82855 

.57429 

.81865 

.58849 

.80850 

57 

4 

.54561 

.83804 

.56016 

.82839 

.57453 

.81848 

.58873 

.80833 

56 

5 

.54586 

.83788 

.56040 

.82822 

.57477 

.81832 

.58896 

.80816 

55 

6 

.54610 

•8377 a 

.56064 

.82806 

•57501 

.81815 

.58920 

.80799 

Ad 782 

54 

7 

.5463s 

.83756 

.56088 

.82790 

.57524 

.81798 

.58943 

S 3 

8 

.54659 

.83740 

.56112 

.82773 

.57548 

.81783 

.5S967 

Ad76s 

S 3 

9 

.54683 

.54708 

.83724 

.56136 

.82757 

•57572 

-81765 

.81748 

.58990 

AD748 

SI 

lO 

.83708 

.56160 

.82741 

.57596 

.590x4 

£0730 

50 

11 

.5473a 

83692 

.56184 

.82724 

.57619 

.81731 

.59037 

.80713 

49 

la 

.54756 

.83676 

.56208 

.82708 

.57643 

.81714 

.81698 

.59061 

A>^6 

48 

13 

.54781 

.83660 

.5623a 

.82693 

.57067 

.59084 

£0679 

47 

14 

-54805 

.83645 

.56256 

.82675 

.57691 

.81681 

.59108 

£0662 

46 

IS 

-54829 

.83609 

.562^ 

.82659 

•57715 

.81664 

•59131 

Ad644 

45 

i6 

.54854 

.83613 

.56305 

.82643 

.57738 

.81647 

•59154 

Ad 637 

44 

17 

-54878 

-83597 

.56329 

.82626 

.57762 

.81631 

-59178 

.806 zo 

43 

38 

-5490a 

.83581 

.56353 

.82610 

-57786 

.81614 

.59201 

.80593 

4a 

19 

-54927 

.83565 

.56377 

.82503 

.57S10 

.81597 

.59225 

£0576 

41 

ao 

•54951 

.83549 

.56401 

.82577 

•57833 

.81580 

.59248 

A) 5 s 8 

40 

ax 

-54975 

•83533 

.56425 

.82561 

.57857 

•81563 

•59272 

Ad 54 i 

30 

aa 

-54999 

.83517 

.56449 

.82544 

.57881 

.81546 

•59295 

A>s 24 

38 

S 3 

.55024 

.83501 

-56473 

J&2S2S 

.57904 

.81530 

.59318 

.80507 

37 

24 

.55048 

•8348s 

.56497 

.82511 

•57928 

-81513 

.5934a 

AD489 

36 


•5507a 

.83469 

.56521 

.82495 

.5795a 

.8x496 

•5936s 

.80473 

35 

26 

.55097 

•83453 

•56545 

.82478 

.57976 

.81479 

.59389 


34 

27 

.55131 

.83437 

.56569 

.82462 

•57999 

.81463 

.5941a 

.80438 

33 

s8 

.55145 

.83431 

•56593 

.82446 

.58023 

.81445 

.59436 

A>420 

33 

29 

•55169 

.83405 

.56617 

.82429 

.58047 

J31428 

.59459 

Ad403 

31 

30 

.55194 

.83389 

.56641 

.82413 

.58070 

.81413 

.59483 

A>386 

30 

31 

.55218 

.83373 

.56665 

.82396 

.58094 

•81395 

•59506 

A0368 

29 

32 

•SS 24 a 

•83356 

.56689 

.82340 

.82363 

.58118 

.81378 

.59529 

.80351 

28 

33 

.55266 

.83340 

.56713 

.58141 

.81361 

•59553 

.80334 

27 

34 

.55291 

.83324 

•56736 

.82347 

.58165 

.81344 

.59576 

A5316 

26 

35 

.55315 

.83308 

.56760 

.82330 

.58189 

.81327 

.59599 

Ad 299 

25 

36 

.55339 

.83293 

.56784 

.56808 

.82314 

.58213 

.81310 

.59623 

AdsSs 

24 


.55363 

.83276 

.82297 

.58236 

.81293 

.59646 

.80264 

23 

38 

.55388 

.83260 

.56833 

.82281 

.58260 

.81^76 

.59669 

.80347 

23 

39 

-554 1 a 

.83244 

.56856 

.82264 

.58283 

.81259 

.59693 

.80330 

21 

40 

•55436 

.83328 

.56880 

•82248 

.58307 

.81342 

.59716 

Aoaxa 

20 

41 

.55460 

.83213 

.56904 

.82231 

.58330 

.81335 

•59739 

•80195 


42 

.55484 

.83195 

.56928 

.82214 

.58354 

.81308 

.59763 

.59786 

.59809 

.80x78 

X§ 

43 

•55509 

.83179 

•5695a 

.82198 

.58378 

.81x91 

Aox6o 

17 

44 

•55533 

.83163 

.56976 

.82181 

.58401 

.81174 

A0143 

16 

45 

•55557 

.83147 

•57000 

.82165 

.82148 

.58435 

.81157 

.5983a 

A 2135 

15 

46 

.55581 

.83131 

.57024 

.58449 

.8x140 

.59856 

£ 0x08 

14 

11 

.55605 


.57047 

.82133 

.5847a 

.81123 

.59879 

£0091 

13 

.55630 

.57071 

.83115 

.58496 

.8x106 

.5990a 

£0073 

13 

49 

1 .55654 
.55678 

.83083 

•57095 

.82098 

.58519 

.8x089 

.59926 

A0056 

ZZ 

SO 

.83066 

.57119 

.82083 

.58543 

.81073 

.59949 

Ax>38 

10 

51 

. 5 S 7 oa 

.83050 

•57143 

.82065 

.58567 

. 8 x 055 

.5997a 

Ax> 3 I 


52 

.55726 

.83034 

.57167 

.82048 

.58590 

.81038 

.59995 

Axx}3 

.79986 

§ 

53 

•55750 

.83017 

.57191 

.82033 

.58614 

. 8 X 031 

.60019 

7 

54 

-55775 

.83001 

•S 7 aiS 

.82015 

.58637 

.8x004 

.60043 

.79968 

0 

55 

.55799 

.55823 

.83985 ' 

•572^ 

.81999 

.58661 

A5987 

I 4 ioo 6 s 

.79951 

5 

56 

.83969 

.57263 

.81983 

.58731 

.80970 

.60089 

.79934 

.79016 

.79899 

4 


.55847 

.55871 

.83953 

.83936 

.57286 

•57319 

.81965 

.81949 

.80953 

A 3936 

j6oita 

.6oz8a 

3 

a 

P 

.55895 

.82930 

.57334 

.57358 

.81933 

.5875s 

.809x9 

.79881 

X 

60 

.55919 

.62904 

.8X915 

1 .58779 

.8090a 

.79864 

0 

y 

COSXNZ 

56 

Sine 

P 

C08XMX 

Si 

Sine 


Sine 

i® II 

Cosine 

53 

Sins 

;0 

# 
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Table 20. — Natural Sin'es aistd Cosin'es — {Continued) 



37® 

CO 

I 39 ° 

0 

0 


0 

Sms 

Cosine 

Sms 

Cosine 

Sine 

CosmE 

I SmE 

Cosine 


o 

.60182 

.79864 

.61566 

.78801 

.62932 

.77715 

.64279 

.76604 

60 

X 

.60205 

.79846 

.61589 

.78783 

.62955 

.77696 

.64301 

.76586 


9 

.60228 

.79829 

.61612 

.78765 

.62977 

.77678 

.64323 

.76567 

58 

3 

.60251 

.79811 

.61635 

.78747 

.63000 

.77660 

.64346 

.76548 

57 

4 

.60274 

.79793 

.61658 

.78729 

.63022 

-77641 

.64368 

, .76530 

56 

3 

US0298 

.79776 

.6i68x 

.78711 

-63045 

.77623 

.64390*' 

.76511 

55 

6 

.60321 

•79758 

J61704 

.78694 

.63068 

.77605 

.6441a 

.7649a 

54 

7 

.60344 

.79741 

.61726 

,78676 

.63090 

.77586 

.64435 

•76473 

53 


.60367 

.79723 

.61749 

.78658 

.63113 

.77568 

.64457 

.76455 

53 

p 

^390 

.79706 

.61772 

.78640 

.63135 

-77550 

.64479 

.76436 

51 

xo 

.60414 

.79688 

.61795 

.78622 

.63158 

.77531 

.6450X 

,76417 

50 

n 

^437 

•79671 

.61818 

.78604 

.63180 

•77513 

.64524 

.76398 


xa 

.60460 

•79653 

.61841 

.78586 

-63203 

•77494 

.64546 

.76380 

X 3 

^483 

•7963s 

.61864 

.78568 

.63225 

•77476 

.64568 

.76361 

47 

X 4 

.60506 

.7^18 

.61887 

-78550 

.63248 

•77458 

.64590 

.7634a 

46 

15 

.60529 

.79600 

.61909 

.78533 

.63271 

.77439 

.6461a 

.76323 

45 

x6 

•60553 

.79583 

.61932 

.78514 

.63293 

.77421 

.64635 

.76304 

44 

17 

.60576 

•7956s 

.61955 

.78496 

.63316 

.77402 

.64657 

.76286 

43 

xd 

-60599 

.79547 

.61978 

.78478 

•63338 

-77384 

.6 ^679 

.76267 

42 

xp 

.60622 

.79530 

.62001 

.78460 

.63361 

.77366 

.64701 

.76248 

41 

so 

.60645 

.79512 

.62024 

.78443 

.63383 

.77347 

.64723 

.76229 

40 

ax 

.60668 

•79494 

.62046 

.78424 

.63406 

.77339 

.64746 

.76210 

39 

32 

.6069 X 

•79477 

.62069 

.78405 

US3428 

.77310 

.64768 

.76192 

38 

23 

,60714 

•79459 

.62092 

.78387 

.63451 

.7729a 

.64790 

.76173 


24 

.60738 

. 7944 t 

.62115 

.78369 

•63473 

.77273 

^1481 a 

.76154 

36 

25 

.60761 

.79424 

,79406 

.62138 

.78351 

.63496 

.77255 

.64834 

.7613s 

35 

26 

.60784 

.62160 

.78333 

.63518 

.77236 

.64856 

.76116 

34 

37 

.60807 

.79388 

^62183 

.78315 

.63540 

.772x8 

.64878 

.76097 

33 

ad 

.60830 

•79371 

.62206 

.78297 

.63563 

.77199 

.64901 

.76078 

33 

9 p 

.60853 

-79353 

.62229 

.78279 

.63585 

.77181 

.64923 

.76059 

31 

30 

450876 

.79335 

.62251 

.78261 

.63608 

.7716a 

.6494s 

.76041 

30 

3 Z 

.60899 

•79318 

.62274 

.78243 

J63630 

.77144 

.64967 

.76022 

29 

32 

.6092a 

.79300 

,62297 

.78225 

.63653 

.77125 

.64989 

.76003 

28 

33 

.60945 

.79282 

-62320 

.78206 

.63675 

.77107 

/iso 1 1 

.75984 

37 

34 

.60968 

.79264 

.62342 

.78188 

.63698 

.77088 

.65033 

.75965 

a6 

35 

.6o^z 

.79247 

.62365 

.78170 

^53720 

.77070 

/550SS 

.75946 

35 

36 

.61015 

.79229 

.62388 

.78153 

.6374a 

.77051 

.65077 

.75927 

24 

37 

.61038 

.792x1 

.62411 

.78134 

.63765 

.77033 

455x00 

.75908 

33 

38 

.61061 

•79193 

.62433 

.78116 

.63787 

.77014 

.65x22 

.75889 

aa 

39 

.61084 

.79176 

.79158 

.62456 

.78098 

.638x0 

.76996 

455x44 

.75870 

ax 

40 

45x107 

.62479 

.78079 

.6383a 

I .76977 

.65x66 

.75851 

ao 

4Z 

.61130 

.79x40 

,62502 

.78061 

.63854 

.76959 

.65188 

.75833 


42 

1 .61153 

.79122 

.62524 

.78043 

.63877 

.76940 

.652x0 

.75813 

x 3 

43 

.6x176 

.79105 

.62547 

.78025 

.63899 

.76921 

.65233 

.75794 

*7 

44 

.6x199 

.79087 

.62570 

.78007 

.6392a 

,76^3 

As 2 54 

.75775 

xo 

V > 

.6X223 

.61245 

45x268 

.79069 

.79051 

.62592 

.62615 

.77988 

.77970 

.63944 

.63966 

.76884 

.76860 

A276 

.65298 

.75756 

.75738 

IS 

14 


.79033 

.62638 

.77953 

.63989 

.76847 

.65320 

.75719 

13 

45 x 291 

*79016 

,.62660 

.77934 

.640x1 

.76828 

.65342 

.75700 

za 

49 

.61314 


'.62683 

.77916 

.64033 

.76810 

.65364 

.75680 

It 

50 

.6x337 

.62706 

.77897 

.64056 

.76791 

.65386 

.75661 

xo 

51 

4S1360 

.78962 

.62738 

.77879 

.64078 

.7677a 

.65408 

.75643 


52 

451383 

.78944 1 

•62751 

.77861 

.64100 

.76754 

•65430 

.75623 

3 

53 

.61406 

.78926 

.62774 

•77843 

.64123 

.76735 

.65453 

.75604 

2 

54 

45x429 

.78^ 

.62796 


.64145 

.76717 

.65474 

.75585 

0 

55 

.61451 

.7889X 

432S19 

-64167 

.76698 

.65496 

.75566 

s 

56 

45x474 

•78873 

.62842 

.77788 

.64x90 

.76679 

.65518 

.75547 

4 

57 

.6x497 

.78855 

.62864 

.77769 

.642x2 

.76661 

.65540 

.75528 

3 

58 

.6x520 

.78837 

.62887 

•77751 ! 

4S4234 

J642S0 

.7664a 

.65562 

.75509 

a 

59 

. 6 x 543 

45 x 566 

.788x9 

.62909 

•77733 

.76623 

I .65584 

.75490 

X 

60 

.78801 

1 .62932 

-77715 

.64279 

.76604 

.65606 

.75471 

0 

/ 

Cosms 

52 

Sms 
p 1 

Cosine 

1 51 

Sms 

0 

Cosine 

50 

Sine 

Cosine 

4 € 

SmE 

/ 
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Table 20.^ — Natural Sineh and Cosines — {Continued) 



1 41® 

(1 42® 

II 43® 

II 44® 


9 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

O 

.65606 

.75471 

.669x3 

.74314 

.68200 

•7313s 

.69466 

.71934 

60 

z 

.65628 

-75452 

.6693s 

•74295 

.68221 

.73116 

.69487 

.71914 

59 

a 

435650 

•75433 

.66956 

.74276 

.68242 

.73096 

.69508 

.71894 

58 

3 

.6567a 

•75414 

.66978 

.74256 

.68264 

.73076 

.69529 

•71873 

57 

4 

.65694 

•75395 

.66999 

.74227 

45828s 

.73056 

.69549 

.71853 

S6 

5 

^5716 

•75375 

.67021 

.742x7 

.68306 

.7.';o.'’,6 

.69570 

•71833 

55 

6 

^5738 

•75356 

.67043 

-74198 

-68327 

.730:6 

-60591 

.71813 

54 

1 

•65759 

•75337 

.67064 

.74178 

.68349 

.72906 

.69612 

.71793 

53 

8 

.65781 

•75318 

.67086 

•74159 

.68370 

-72976 

•69633 

.71772 

52 

9 

.65803 

•75209 

.67107 

•74139 

.68391 

•72957 

.69654 

.71752 

51 

zo 

.65825 

.75280 

.07129 

•74120 

.68412 

.72937 

.69675 

.71732 

50 

zz 

.65847 

.75261 

.67151 

.74100 

.68434 

•72917 

.69696 

.71711 

49 

za 

.65869 

•75241 

-67172 

.74080 

.68455 

.72897 

.69717 

.71691 

48 

13 

.65891 

•75222 

.67194 

.74061 

.68476 

,72877 

-69737 

.71671 

47 

14 

i -65913 

•75203 

.67215 

-74041 

.68497 

.72-857 

.69758 

-71650 

46 

<5 

•6593s 

•75184 

-67237 

.7 '<022 

.68518 

.72837 

.69779 

-71630 

45 

i6 

•65956 

•7516s 

.67258 

./4003 

.68539 

.72817 

.69800 

.71610 

44 


.65978 

•75146 

.67280 

•73983 

.68561 

.72797 

.69821 

.71590 

43 

x8 

.66000 

.75126 

.67301 

.73963 

.68582 

.72777 

.69843 

.71569 

42 

19 

.6602 s 

•75107 

.67323 


.68603 

.72757 

.69863 

.71549 

41 

fiO 

.66044 

.75088 

•67344 

•73924 

.68024 

-72737 

.69883 

.71529 

40 

ax 

J66066 

.75069 

-67366 

•73004 

.6864 5 

.72717 

.69904 

.71508 

30 

S 3 

.66088 

•75050 

.67387 

•73885 

.68(^>6 

. 72 f -97 

.69925 

.7148S 

38 

*3 

.66109 

•75030 

.67409 

.73865 

.686;:;S 

. 72()77 

.69046 

,71468 

37 

24 

.06131 

.75011 

.67430 

•73846 

.08709 

.72657 

.69066 

•71447 

36 

a 5 

. 66 x 53 

•74993 

.67452 

.738^6 

.68730 

.72637 

.69987 

.71427 

35 

s 6 

. 66 x 75 

•74973 

.67473 

.73806 

.68751 

.72617 

.70008 

.7x407 

34 


.66197 

•74953 

.67495 

•73787 

.68772 

.72597 

.70029 

.71386 

33 

as 

.66218 

.74934 

.675x6 

•73767 

.68793 

-72577 

.70049 

.71366 

33 

a? 

.66240 

.74915 

.67538 

.73747 

.688 -.4 

-72557 

.70070 

.71345 

31 

30 

.66263 

.74896 

.67559 

.73728 

.68835 

.72537 

.70091 

.71325 

30 

31 

.66284 

.74876 

.67580 

' .73708 

.68857 

-72517 

.70112 

.71305 

39 

33 

.66300 

•74857 

.67602 

.73688 

.68878 

.72497 

.70132 

.71284 

28 

33 

.66327 

.74838 

.67623 

.73669 

,68899 

.72477 

.70153 

.71264 

27 

34 

.66349 

.74818 

.67645 

.73649 

.689 .••0 

-72457 

.70174 

.71243 

26 

35 

.66371 

•74799 

.67666 

.73629 

.68941 

.72437 

.70195 

.71223 

25 

36 

.66393 

.74780 

.676S8 

.73610 

.60962 

.72417 

.70215 

.71203 

24 

32 

.66414 

•74760 

.67709 

-73590 

.68983 

.72397 

.70236 

.71182 

23 

38 

.66436 

•74741 

.67730 

.73570 

.69004 

.72377 

.70257 

.7116a 

22 

39 

.66458 

.74722 

•67753 

.73551 

.6902 5 

.72357 

.70277 

.71141 

21 

40 

.66480 

.74703 

•67773 

•73531 

.69046 

.72337 

.70298 

.7x121 

ao 

41 

.66501 

.74683 

.6779s 

•7351 1 

.69067 

.72317 

.70319 

.71100 


43 

.66533 

.74664 

.67816 

.73491 

.69088 

.72297 

.70339 

.71080 

x8 

43 

.66545 

.74644 

.67837 

.73472 

.69109 

.72277 

.70360 

.71059 


44 

.66566 

.74625 

.67859 

.73452 

,69130 

.72257 

.70381 

.71039 

16 

45 

.66588 

.74606 

.67880 

-73432 

.69151 

.72236 

.70401 

.710x9 

IS 

46 

.666x0 

•74586 

.67901 

-73413 

.6917a 

.72216 

1 .70422 

.70998 

14 


.6663s 

.74567 

.67923 

.73393 

439193 

.72196 

i .70443 

.70978 

13 

48 

.66653 

.74548 

.67944 

•73373 

.692 14 

.72176 

.70463 

.70957 

za 

49 

.66675 

.74528 

•6796s 

-73353 

43923s 

.72156 

.70484 

.70937 

11 

50 

.66697 

•74509 

.67987 

.73333 

.69256 

.72136 

.70505 

.709x6 

10 

SI 

.66718 

.74489 

.6800S 

•73314 

.69277 

.72116 

.70525 

.70896 

9 

52 

.66740 

.74470 

.68029 

.73294 

.69298 

.72095 

,70546 

.70875 

8 

S 3 

.6676a 

•74451 

.68051 

.73274 

.693x9 

.72075 

.70567 

.70855 

7 

54 

.66783 

.74431 

.6807s 

.73254 

.69340 

.72055 

.70587 

•70834 

6 

55 

.66^5 

.74412 

.68093 

.73234 

.69361 

•7203s 

.70608 

.70813 

5 

S6 

.66827 

•74392 

.681x5 

.73215 

.69383 

.720x5 

.70638 

.70793 

4 

^2 

.66848 

•74373 

-68x36 

.73195 

.69403 

.7199s 

.70649 

.70772 

3 

58 

.66870 

•74353 

.68157 

.73175 

.69424 

.71974 

.70670 

.7075a 

a 

59 

.6689X 

•74334 

/) 8 i 79 

•731 SS 

.69445 

.71954 

.706^ 

-70731 

X 

60 

.669x3 

*74314 

.68200 

-73135 

.69466 

.71934 

.70711 

.70711 

0 

9 

Cosms 

Sms 

Cosine 

Sine 

Cosine 

Sms 

Cosine 

Sine 



4 £ 


47 


4e 


45 ® 1 
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TABIiE 21. NaTT^KAL TAmiENTS AND COTANGENTS 



1 0*^ 1 

, 1 

0 

il 2® 1 

II 3 ® 


/ 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-tan. 


o 

.00000 

Infinite. 

.01746 

57.2900 

.03492 

28.6363 

.05241 

19.0811 

60 

I 

.00029 

3437.750 

.01775 

56.3506 

.03521 

28.3994 

.05270 

18.975s 

50 

9 

^30058 

1718.870 

.01804 

55.4415 

‘03550 

28.1664 

.05299 

18.8711 

58 

3 

.00087 

1145.920 

•01833 

54.5613 

♦03579 

27.937a 

.05328 

18.7678 

57 

4 

x>oii6 

859.436 

X)i862 

53.7086 

.03609 

27.7117 

-05357 

18.6656 

S6 

5 

.00145 

687.549 

.01891 

52.8821 

.03638 

27.4899 

.05387 i 

18.564s 

55 

6 

.00175 

572.957 

.01920 

52.0807 

.03667 

27.2715 

.05416 

18.4645 *1 

54 

7 

.00204 

491.106 

.01949 

51.303a 

.03696 

27.0566 

♦05445 

18.3655 

53 

8 

.00233 

4 C! 9 . 7 i 8 

.01978 

5 o. 54 «S 

.03725 

26.8450 

■05474 

18.3677 

52 

9 

.00262 

381.971 

-02007 

49.8157 

.03754 ! 

26.6367 

♦05503 

18.1708 

51 

lO 

.00291 

343.774 

.02036 

49.1039 

.03783 1 

26.4316 

.05533 

18^750 

50 

II 

.00320 

312.521 

.02066 

48.4121 

.03812 

26.2296 

.05562 

17.9802 j 

^2 

la 

.00349 

286.478 

.02095 

47-7395 

.03842 

26.0307 

♦05591 

17.8863 1 

48 

13 

^30378 

264.441 

.02124 

47-0853 

.03871 

25.8348 

X)5620 

17-7934 

47 

14 

.00407 

245.552 

.02153 

46.4489 

.03900 

25.6418 

.05^ 

17.701s 

46 

15 

JO0436 

229.182 

.02182 

45.8294 

.03929 

35.4517 

,05678 

17.6106 

45 

lb 

.00465 

214.858 

.02211 

45.2261 

•03958 

25.2644 

,05708 

17.520S 

44 


.00495 

202.219 

.02240 

44.6386 

♦03987 

25.0798 

♦05737 

17.4314 

43 

x 8 

.00524 

100.984 

.02269 

44.0661 

.04016 

24.8978 

,oc766 

17.343a 

4a 

19 

•00553 

180.932 

.02298 

43-5081 

.04046 

24.718s 

♦05795 

17-2558 

41 

ao 

.00582 

171.88s 

.02328 

42.9641 

.04075 

24.5418 

J55824 

17.1693 

40 

ax 

.00611 

163.700 

•02357 

42-4335 

.04104 

34.3675 

♦05854 

17.0837 

.39 

aa 

.00640 

156.259 

.02386 

41.9158 

•04133 

24.1957 

,05883 

16.9990 

38 

S 3 

.00669 

149.46s 

.02415 

41.4106 

.041O? 

24.0263 

,05912 

16.9150 

37 

S 4 ; 

.00698 

143.237 

.02444 

40.9174 

.04191 

23.8593 

.05941 

16.8319 

36 

as 

.00727 

137.507 

.02473 

40.4358 

.04.'! 20 

23.6945 

•05970 

16.7496 

35 

a6 ; 

.00756 

132.219 

.02502 

39.9655 

.04250 

23.5321 

.05999 

16.6681 1 

34 

87 1 

.00785 

127.321 

•02531 

39.5059 

.04279 

23.371S 

.06029 

16.5874 

33 

a8 

.00814 

122.774 

.02560 

39.0568 

.04308 

23.2137 

.06058 

16.5075 1 

3a 

89 

.00844 

118.540 

.02589 

! 38.6177 

♦04337 

23.0577 

.06087 

16.4283 

31 

30 

.00873 

114.589 

.02619 

38.1885 

^34366 

22.9038 

x>6ii6 

16.3499 

30 

31 

,00902 

110.892 

.02648 

37.7686 

♦04395 

22.7519 

.06145 

16.2722 

29 

33 

.00931 

107.426 

.02677 

37-3579 

.04424 

22.6020 

.06175 

16.195a 

23 

33 

.00960 

104.171 

.02706 

t 36.9560 

.04454 

22.4541 

.06204 

16.1190 

27 

34 

.00989 

101.107 

.02735 

36.5627 

.04483 

22.3081 

.06233 

16.0435 

26 

35 

.01018 

98.2179 

.02764 

36.1776 

♦0451a 

22.1640 

.06262 

15.9687 

2$ 

36 

X)i047 

95.4895 

.02793 

35.8006 

.04541 

22.0217 

.06291 

15-8945 

24 

32 

.01076 

92.9085 

.02822 

35.4315 

♦04570 

21.8813 

.06321 

15.8211 

23 

38 

.01105 

90.4633 

.02851 

35 -0695 

.04599 

21.7426 

.06350 

15-7483 

22 

39 

.01135 

88.1436 

.02881 

34.7151 

.04628 

ai.6056 

.06379 

15.6763 

2X 

40 

.01x64 

1 85.93^ 

.02910 

34.3678 

.04658 

21.4704 

.06408 

15.6048 

20 

41 

.01 193 

83.843s 

.02939 

34.0273 

.04687 

21.3369 

.06437 

15.5.340 

19 

43 

.0X222 

81.8470 

,02968 

33.6935 

.04716 

21.2049 

.06467 

15.4638 

i 3 

43 

.01251 

79.9434 

.02997 

33.366a 

.04745 

21.0747 

.06496 

1 15-3943 


44 

.0x280 

78.1263 

.03026 

33.0452 

.04774 

80 .9460 

.06525 

1 15.3254 

z 6 


.01309 

76.3900 

.03055 

33.7393 

234803 

20.8188 

.06554 

15-2571 

IS 

46 

.01338 

74.7292 

.03084 

33.4213 

.04832 

20.693a 

.06584 

15.1893 

14 


.01367 

73.1390 

.03114 

32.1181 

434862 

20.5691 

.06613 

15.122a 

13 

48 

.01396 

71.6151 

.03143 

31.8205 

.04891 

20.4465 

^26642 

*S*® 5 S 7 

12 

49 

.01425 

70.1533 

U 33 I 73 

31-5284 

434920 

20.3253 

.06671 

14.9^ 

11 

50 

.01455 

68.7501 

X)320I 

31.2416 

.04949 

20.2056 

.06700 

14.9244 

10 

51 

x>i484 

67.4019 

.03330 

30.9599 

434978 

20.0872 

.06730 

14.8596 

2 

S 3 

.01513 

66.1055 

.03359 

30.6833 

435007 

19.0703 

.06759 

14.7954 

8 

53 

.01542 

64.8580 

.03388 

30.4116 

.05037 

19.8546 

.06788 

14.7317 

7 

54 

.01571 

63.6567 

.03317 

30.1446 

435066 

19.7403 

.06817 

14.6^5 

6 

55 

.01600 

62^992 

.03346 

29.8823 

.05095 

19.6273 

.06847 

14.6050 

5 

S6 

.01629 

61,3829 

.03376 

39.6245 

435124 

19.5156 

.06876 

14.5438 

4 


451658 

60.3058 

.03405 

29.3711 

.05153 

19.4051 

.06905 

14.4823 

3 

S8 

4 >i 687 

59.2659 

.03434 

39.1220 

43518a 

19.2959 

.06934 

14.42x2 

3 

59 

451716 

58.26x2 

.03463 

28.8771 

435212 

i 19.1879 

.06963 

14.3607 

X 

60 

4)1746 

57.2900 

.0349a 

38,6363 

.05241 

19.0811 

.06993 

14.3007 

1 0 

/■ 

CO^AN. 

Tan. 

CkvrAN. 

Tan, 

Co-tan. 

I Tan. 

Co-tan. 

Tan, 

/ 


89 ® 1 

1 88 ® 1 

1 87 ® 1 

1 86 ® 1 
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Table 21. — Natural TanTcEnts an-d Cotangents — 
{Continued) 



40 , 

1 5 ° 1 

1 0“ 1 

7 

0 


/ 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

/ 

o 

•06993 

14.3007 

.08749 

11.4301 

.10510 

9-51436 

.12278 

8.14435 

60 

X 

.07022 

14.2411 

.087 78 

11.3919 

.10540 

9.48781 

.12308 

8.12481 

50 

a 

.07051 

14.1821 

.08^7 

11-3540 

.10569 

9.46141 

.12338 

8.10536 

S8 

3 

J07080 

14.1235 

.08837 

11-3163 

.10509 

9-43515 

.12367 

8.08600 

57 

A 

•071Z0 

14.0655 

.08866 

11.2789 

.io6j8 

9.40904 

•12397 

8.06674 

56 

5 

^07139 

14.0079 

.08895 

11.2417 

.10657 

9-38307 

.12426 

8.04756 

55 

6 

.07168 

13.9507 

.08925 

11.2048 

.10687 

9 - 3.5724 

.12456 

8.02848 

54 

7 

.07197 

13.8940 

.08954 

11.1681 

.10716 

9-33154 

.12485 

8.00948 

53 

8 

J07227 

13.8378 

.08983 

11.1316 

.10746 

9-30599 

.12515 

7.99058 

52 

9 

.07256 ! 

13.782X 

.09013 

11.0954 

.10775 

9.28058 

.12544 

7.97176 

51 

lO 

.07285 

13.7267 

.09042 

11.0594 

.10805 

9-25530 

•I 2 S 74 

7.9S3C a 

50 

IX 

•07314 

13.6719 

.09071 

lix)237 

.108 34 

9.23016 

.12603 

7-93438 

40 

xa 

•07344 

13.6174 

.09101 

10.9882 

.10863 

9.20516 

.12633 

7.91583 

48 

*3 

•07373 

13.5634 

.09130 

10.9529 

.10893 

9.18028 

.12662 

7.89734 

47 

>4 

x>74oa 

13.5098 

•09159 

10.9178 

.10922 

9-15554 

.12693 

7.87895 

46 

15 

.07431 

13.4566 

.09189 

10.8829 

.X0952 

9-13093 

.12722 

7.86064 

45 

x6 

.07461 

13.4039 

jOiJ2l8 

10.8483 

.10981 

9.10646 

.12751 

7.84242 

44 


.07490 

13.3515 

.09247 

10.8139 

.llOil 

9-082 11 

.12781 

7.82428 

43 

t8 

.07519 

13.2906 

.09277 

10.7797 

.11040 

9.05789 

.12810 

7.80622 

42 

*9 

.07548 

13.2480 

.09306 

10.7457 

.IT070 

9-03379 

,12840 

7.7882s 

41 

flO 

.07578 

13.1969 

•09335 

10.7119 

. 11090 

9.00983 

.12869 

7.7703s 

40 

ax 

.07607 

13.1461 

.09365 

10.6783 

.11128 

8-08508 

.12899 

7-75254 

30 

aa 

.07636 

13.095S 

.09394 

10.6450 

.11158 

8.96227 

.12929 

7.73480 

38 

a 3 

.07665 

13.0458 

.09423 

10.61 18 

.TI187 

8.93867 

.12958 

7-71715 

37 

»4 

•07695 

12.9962 

•09453 

10.5789 

.11217 

8.01 5. '^o 

.12988 

7-69957 

36 

a 5 

.07724 

12.9469 

.09483 

10.5462 

.11246 

8.89185 

.13017 1 

7.68208 

3 S 

a6 

.07753 

12.8981 

.095 T I 

10.5136 

.11276 

8.86862 

.13047 

7.66466 

34 


^>7782 

12.8496 

.09541 

10.4813 

•11305 

8.84551 

.13076 

7.64732 

33 

aS 

.07813 

ia.8014 

.09570 

10.4491 

.11335 

8.82252 

.13106 

7.6300s 

32 

ap 

.07841 

12.7536 

.09600 

10.41 72 

.11364 

8.70964 

.13136 

7.61287 

31 

30 

.07870 

12.7063 

x> 9<.)29 

10.3854 

•11394 

8.77689 

.13165 

7-59575 

30 

3 * 

.07899 

12.6591 

.006 58 

10.3538 

.ii 4?3 

8.7542s 

.13195 

7.57872 

29 

33 

•07929 

12.6124 

.09688 

30 3224 

.11452 

8.73172 

.13224 

7.56176 

a8 

33 

.07958 

12.5660 

•09717 

10.2913 

.1x482 

8.70031 

.13254 

7.54487 

27 

34 

.07987 

12.5199 

,09746 

10.2602 

.11511 

8.68701 

.13284 

7.52806 

26 

35 

x>8oi7 

12.4742 

.09776 

10.2294 

.11541 

8.66482 

.13313 

7.51 132 

25 

36 

.08046 

12.4288 

.09805 

10.1988 

.11570 

8.64275 

.13343 

7.49465 

24 

37 

.08075 

12.3838 

.09834 

10.1683 

.11600 

8.O2078 

•13372 

7.47806 

23 

38 

.08104 

12.3390 

.09864 

10.1381 

,11629 

8-59893 

.13403 

7.46154 

aa 

39 

x>8i34 

12.2946 

.09893 

10.1080 

.116 <?9 

8.57718 

•13432 

7.44509 

21 

40 

.08x63 

12.2505 

.09923 

10.0780 

.11688 

8-55555 

.13461 

7.42871 

30 

4 * 

.08x93 

12.2067 

.09952 

10.0483 

.X1718 

8.53402 

.13491 

7.41240 

19 

43 

.08221 

12.163a 

.09981 

iox)i87 

.11747 

8.51259 

•13521 

7-39616 

x8 

43 

.0825X 

la.zaoi 

.10011 

9.98931 

.11777 

8.49128 

.13550 

7.37999 

17 

44 

.08280 

12. 07 73 

.10040 

9.96007 

.11806 

8.47007 

.13580 

7-363^ 

z6 


.08309 

12.0346 

.10069 

9-93101 

.11836 

8.44896 

.13609 

7.34786 ! 

IS 

46 

.08339 

11.9923 

.10099 

9.90211 

.11865 

8.4279s 

.13639 

7-33190 

14 


.08368 

11.9504 

.10128 

987338 

.11895 

8.40705 

.13669 

7.31600 

^3 

AS 

•08397 

11.9087 

.10158 

9.84482 

.11924 

8.3862s 

.13698 

7.30018 

X2 

49 

1 .08427 

11.8673 

.10187 

9.81641 

.11954 

8.36555 

.13728 

7.28442 

II 

SO 

1 .08456 

11.8262 

.10216 

9.78817 

.11983 

8.34496 

.13758 

7.26873 

10 

SX 

.08485 

11-7853 

.10246 

9.76009 

.12013 

8.32446 

.13787 

7.25310 

9 

S 3 

.08514 

11.7448 

.10275 

9.73217 

.12042 

8.30406 

.13817 

7.23754 

8 

53 

438544 

11.7045 

.10305 

9.70441 

.12072 

8.28376 

,13846 

7.22204 

7 

54 

.08573 

11.6645 

.10334 

^.67680 

.12101 

8.2635s 

.13876 

7.20661 

6 


.08693 

11.6248 

.10363 

9-64935 

.12131 

8.2434s 

.13006 

7.19125 

5 

56 

^>8632 

XX- 58 S 3 

.10393 

9.62205 

.X2i6o 

8.22344 

.13935 

7.17594 

4 

?2 

438661 

11.5461 

.10422 

9.59490 

.xaipo 

8.20353 

•13965 

7.16071 

3 

58 

45869® 

11.507a 

•10453 

9-56791 

.12219 

8.18370 

.13995 

7.14553 

3 

1? 

458730 

1X.4685 

,10481 

9.54106 

.12240 

8.16398 

.14024 

7.13042 

1 

00 

.08749 

11.4301 

.10510 

9.51436 

.12278 

8.1443s 

•14054 

7.11537 

0 

/ 

Co-tan. 

Tan. 

Co-tan. 1 

Tan. 

iCO-TAN. 

Tan. 

Co-TAN. 

Tan. 

/ 


1 85 *^ 1 

1 84 ® 1 

1 83 ® 1 

1 82 ® 1 

; 
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Table 21. — Natural Tangents and Cotangents — 
{Continued) 



1 8° 

9 “ 

II 

II 11 ° 


9 

Tan. 

Cotan. 

Tan. 

I Co-tan. 

Tan. 

Co-tan, 

Tan. 

Co-TAN. 


o 

.14054 

7 -II 537 

.15838 

6.3137s 

.17633 

5.67128 

.19438 

5.24455 

60 

I 

.14084 

7.10038 

.15868 

6.30189 

.17663 

5.66165 

.19468 

5.23658 

59 

3 

.14113 

7.08546 

-15898 

6.29007 

•17693 

5.6520s 

-19498 

5.12863 

58 

3 

♦14143 

7.07059 

.25928 

6-27829 

.27723 

5.64248 

.19529 

5.12069 

57 

4 

•14173 

7-05579 

-15958 

6 . 2^55 

.17753 

5.63295 

.19559 

5.11279 

56 

5 

.14202 

7-04105 

.15988 

6.25486 

.27783 

S-62344 

.19589 

5.10490 

55 

b 

.14232 

7.02637 

.16017 

6.24321 

.27813 

5-61397 

.19619 

5.09704 

54 

7 

.14262 

7.01174 

.1604'/ 

6.23160 

.17843 

5.60452 

.19649 

5.08921 

53 

8 

.14291 

6.99718 

.16077 

6.22003 

-17873 

S-.59511 

.19680 

5-08139 

53 

9 

.14321 

6.08268 

.16107 

6.20851 

.17903 

5-58573 

.19710 

5.07360 

52 

lO 

•24351 

6.9O823 

.16137 

6.19703 

.17933 

5-57638 

.19740 

5.06584 

50 

11 

.14381 

6.95385 

.16167 

6.18559 

-17963 

5.56706 

.19770 

5.05809 

49 

X 3 

.14410 

6.93952 

.16196 

6-17419 

.17993 

5-55777 

.19801 

5-05037 

48 

23 

.14440 

6.92525 

.16226 

6.16283 

.18023 

5 -54^5 1 

.198.31 

5.04267 

47 

24 

.14470 

6.91104 

.16256 

6-15152 

.18053 

5-53927 

.19S61 

5-03499 

46 

25 

.14499 

6.896S8 

.16286 

6.14023 

.18083 

5-53007 

.19891 

5 -02 734 

45 

i6 

•24529 

6.88278 

.16316 

6.12899 

.18113 

5.52090 

.19921 

5-01972 

44 

27 

.24559 

6-86874 

• 16346 

6.11779 

.18143 

5-51176 

.19053 

5.01210 

43 

i8 

.14588 

6.8547s 

.16376 

6.io^j4 

.18173 

5-50264 

.19982 

5-00451 

43 

29 

.14618 

6.84082 

.16405 

6.00552 

.1S203 

5-40356 

.20012 

4.99695 

41 

20 

.14648 

6.82694 

•1643s 

6.08444 

.18233 

5-48451 

.20042 

4.98940 

40 

21 

.14678 

6.81312 

.16465 

6.07340 

.18263 

5-47548 

.20073 

4.98 1 88 

39 

23 

.14707 

6.79936 

.16495 

6.06240 

.18293 

5.46648 

.20103 

4-97438 

38 

23 

.14737 

6.78564 

.16525 

6.05143 

.18323 

S- 4 S 75 I 

.20133 

4.96690 

37 

24 

.14767 

6.77199 

.16555 

6.04051 

.18353 

5-44857 

.20164 

4-95945 

36 

25 

.14790 

6.75838 

.16585 

6.02962 

.18383 

5-43966 

.20194 

4-95201 

35 

2b 

.14826 

6.74483 

.16615 

6.01878 

.18414 

5-43077 

.20224 

4.94460 

34 

27 

.14856 

6.73133 

.16645 

6.00797 

.18444 

5-42192 

.20254 

4-93722 

33 

28 

.14886 

6.71789 

.16674 

5.99720 

.18474 

5-41309 

.20285 

4.92984 

33 

29 

.14915 

6.70450 

.16704 

5.98646 

.18504 

5.40429 

.20315 

4.92249 

31 

30 

.14945 

6.69116 

•16734 

5-97576 

.18534 

5-39553 

.20345 

4-91516 

30 

31 

.14975 

6.67787 

.16764 

5.96520 

,18564 

5-38677 

.20376 

4.90785 

29 

32 

.15005 

6.66463 

.16794 

5.95448 

.18594 

5-37805 

.20406 

4.90056 

28 

33 

.15034 

6.65144 

.16824 

S-94390 

.18624 

5-36936 

.20436 

4-89330 

27 

34 

.15064 

6.63831 

.16854 

5-93335 

.18654 

5-36070 

.20466 

4.8360s 

26 

35 

.15094 

6.62523 

.16884 

5.92283 

.18684 

5-35206 

.20497 

4.87882 1 

25 

36 

.15224 

6.61219 

.16914 

5.92235 

.18714 

5-34345 

.20527 

4.87162 

24 

37 

.25153 

6.59922 

.16944 

5.90192 

.28745 

5-33487 

.20557 

4.86444 

23 

38 

.15283 

6.58627 

.16974 

5.89151 

.18775 

5-32631 

.30588 

4-85727 

22 

39 

.15223 

6.57339 

.17004 

5.88114 

.18805 

5-31778 

.20618 

4-85023 

21 

40 

.15243 

6.56055 

.17033 

5.87080 

.18835 

5-30928 

.2064S 

4.84300 

20 

42 

.15272 

6.54777 

.27063 

5.86051 

.18865 

5.30080 

.20679 

4-83590 

19 

42 

.15302 

6.53503 

.17093 

5-85024 

.18895 

5-29235 

.20709 

4.82882 

18 

43 

.15332 

6.52234 

.17223 

S.8/,ooi 

.18925 

5 -28393 

.20739 

4-82175 

27 

44 

.15362 

6.50970 

.17253 

5.82982 

.1895s 

5 - 27 SS 3 

.20770 

4.81471 

z6 

45 

.15391 

6.49710 

.17283 

5.819&6 

.189^ 

5-26715 


4.80769 

15 

46 

.15422 

6.48456 

.27313 

5-80953 

.19016 

5.25880 

.20830 

4.80068 

24 

47 

.25452 

6-47206 ; 

.17243 

5.79944 

.19046 

5.25048 

.20S6Z 

4.79370 

13 

48 

.15481 

6-45961 

.17273 

5.78938 

-19076 

5.24218 

.20891 

4.78673 

22 

49 

.25521 

6.44720 1 

•27303 

5.77936 

.19106 

S-23392 

.20921 

4.77978 

It 

SO 

.25540 

6.43484 

.27333 

5.76937 

.19136 

5.22566 

.20952 

4.77286 

10 

52 

.25570 

6-42253 

.27363 

5-75941 

.19166 

5.21744 

.30982 

4-76595 

g 

52 

.15600 

6.42026 

.17393 

5.74949 

*19297 

5.20925 

.21013 

4.75906 

a 

53 

.15630 

6.39804 

•27423 

5.73960 

.19227 

5.20107 

.21043 

4-75229 

7 

54 

. 15 ^ 

6.38587 

.27453 

5.72974 

.29257 

S.29293 

.21073 

4.74534 

6 


.156^ 

6.37374 

.17483 

5-71992 

.19287 

5.18480 

.2x104 

4.73851 

5 

S6 

.15719 

6.36165: 

.27523 

5.72023 

.29317 

5.17671 

.21134 

4.73270 

4 

SZ 

.25749 

6.34962 

! .27543 

5.70037 

.19347 

5.16863 

.21164 

4.72490 

3 

58 

.25779 

6.33762 

.27573 

5.69064 

.29378 

5.16058 

.21195 

4.71823 

2 

59 

.25809 

6.32566 

.17603 

5.68094 

.19408 

5.15256 

.21225 

4-71137 

X 

60 

.15838 

6.32375 

.27633 

5.67228 

.29438 

S. 244 SS 

-21356 

4.70463 

0 

/ 

CO-XAN. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan, 

Cot AN. 

Tan. 

* , 

l 

81 ® >1 

80 ® 51 

790 n 

78 ® 1 
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Table 21. — Natural Tantgeistts and Cotangents — 
{Continued) 



1 12^^ 

13 ° 

0 

i-i 

15 ° 


/ 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

COTAN. 

Tan. 

Co-tan. 

/ 

o 

.21256 

4.70463 

.23087 

4.33148 

.24933 

4.01078 

.2670s 

3.73205 

6c 

I 

.21286 

4.69791 

.23117 

432573 

.24964 

4.00582 

.26826 

3.72771 

5 ^ 

a 

,21316 

4.69131 

.23148 

4.32001 

.24995 

4.00086 

.26857 

3-72338 

5 i 

3 

•21347 

4.68453 

,23179 

4-31430 

-25026 

3-99592 

.26888 

3.71907 

5: 

4 

-21377 

4.67786 

.23209 

4^0860 

.25056 

3.99099 

-26920 

3-71476 

S^ 

3 

.2 1408 

4.67121 

.23240 

4-30291 

.25087 

3.98607 

.26951 

3-71046 

s; 

6 

-21438 

4.66458 

.23271 

4.29724 

.25118 

3-98117 

.26982 

3.70616 

5 ^ 

7 

.21469 

4-65797 

.23301 

4.29159 

.25149 

3.97627 

.27013 

3.70188 

5: 

8 

.21499 

4-65138 

.23332 

4 . 2*'595 

.25180 

3-97139 

.27044 

3.69761 

5 i 

9 

-21529 

4.64480 

.23363 

4.28032 

.25211 

3.96651 

.27076 

3-69335 

S 3 

xo 

.21560 

4-63825 

.23393 

4.27471 

-25242 

3.96165 

.27107 

3. 08 909 

5 C 

11 

-21590 

4.63171 

.23424 

4.26911 

.25273 

3.95680 

.27138 

3.68485 

4 C 

12 

.21621 

4.62518 

.23455 

4-26353 

.25304 

3-95196 

.27169 

3.68061 

4 i 

13 

.21651 

4.61868 

-23485 

4-25795 

.25335 

3-94713 

.27201 

3.67638 

4: 

14 

.21682 

4.61219 

.23516 

4.25239 

.25366 

3-94232 

.27232 

3-67217 

4 t 

15 

.21712 

4.60573 

.23547 

4.24685 

•25397 

3-93751 

.27263 

3.66796 

4 S 

30 

.21743 

4-59927 

-23578 

4-24132 

.25428 

3-93271 

.27294 

3.66376 

4-4 

17 

.21773 

4-.59283 

.23608 

4.23580 

•25459 

3-92793 

.27326 

3-65957 

43 

38 

.21804 

4.58641 

.23639 

4.23030 

.25490 

3.92316 

.27357 

3-65538 

4a 

IP 

.21834 

4.58001 

.23670 

4.22481 

.25521 

3-91839 

.27388 

3-65121 

41 

20 

.21864 

4-57363 

.23700 

4-21933 

*25552 

3.91364 

.27419 

3454705 

4 C 

21 

.21895 

4-56726 

.23731 

4-21387 

.25583 

3.90890 

.27451 

3-64289 

3 $ 

22 

.21925 

4.56091 

.23762 

4.20842 

.25614 

3.O0417 

.27483 

3-63874 

3 C 

=3 

.21956 

4-55458 

.23793 

4.20298 

.25645 

3-89945 

.27513 

3-63461 

32 

24 

.219S6 

4.54826 

.23823 

4.19756 

.25676 

3-89474 

.27545 

3.6304S 

3<5 

25 

.22017 

4.54196 

.23854 

4.19215 

.25707 

3.89004 

.27576 

3.62636 

33 

£6 

.22047 

4-53568 

.23885 

4.18675 

.25738 

3-88536 

.27607 

3.62224 

34 

27 

.2207S 

4.52941 

.23916 

4.18137 

.25709 

3.88068 

-27638 

3.61814 

33 

£8 

.22108 

4.52316 

.23946 

4.17600 

.25800 

3.87601 

.27670 

3-61405 

3a 

20 

.22139 

4.51693 

.23977 

4.17064 

. 25 « 83 X 

3.87136 

.27701 

3.60996 

31 

30 

.22169 

4.51071 

.24008 

4.16530 

.25863 

3.86671 

.27732 

3.60588 

3 C 

31 

.22200 

4-50451 

.24039 

4.15997 

.25893 

3.86208 

.37764 

3.60181 

20 

32 

.22231 

4.49833 

•24069 

415465 

.25924 

3-85745 

.27795 

3-59775 

2H 

33 

.22261 

4.49215 

.24100 

4-14934 

.25955 

3-85284 

.37826 

3-59370 

27 

34 

.2229& 

4.48600 

.24131 

! 4-14405 

.259^ 

3.84824 

.27858 

3.58966 

36 

35 

.22322 

4.47986 

.24162 

1 4-13877 

.26017 

3-84364 

.27889 

3.58562 

85 

36 

.22353 

4.47374 

.24193 

4.13350 

.26048 

3.83906 

.27920 

3.58160 

*4 

37 

.22383 

4.46764 

.24233 

4.12825 

.26079 

3-83449 

.27952 

3-57758 

23 

38 

.22414 

4-46155 

.24254 

4,12301 

.26110 

3.82992 

.27983 

3-57357 , 

22 

39 

.22444 

4-45.548 

.24385 

4.11778 

.26141 

3-82537 

.28015 

3-56957 

21 

40 

.22475 

4.44943 

.34316 

4.11256 

.26173 

3.82083 

.28046 

3-56557 

2Q 

41 

.22505 

4.44338 

.24347 

4 - 10736 

.26203 

3.81630 

.28077 

3-56159 

19 

42 

.22536 

4-43735 

•24377 

4.10216 

.26235 

3-81177 

.28109 

3-55761 

x 3 

43 

.22567 

4-43134 

.24408 

4.09609 

.26266 

3.80726 

.28x40 

3-55364 

17 

44 

.22597 

4-43534 

.24439 

4.00182 

.26297 

3.80276 

.2817a 

3-54968 

z6 

45 

.22628 

4-41936 

.24470 

4.08666 

.36328 

3.79827 

.28203 

3-54573 

! IS 

46 

-22658 

4.41340 

.34501 

4.08153 

.26359 

3.79378 

.28234 

3-54179 

14 


.22689 

4-40745 

.24532 

4-07639 

,26390 

3.78931 

.28366 

3-53785 

13 

48 

.22719 

4.40153 

.34563 

4.07127 

.36421 

3.78485 

.28297 

3-53393 

xa 

49 

.22750 

4-39560 

•24593 

4.06616 

.36453 

3.7S040 

.28329 

3-53001 

11 

SO 

.23781 

4.38969 

.34634 

4.06107 

.36483 

3.77595 

.28360 

3.52609 

xo 

51 

.22811 

4-38381 

.34655 

4.05599 

.265x5 

3.77152 

.28391 

3.53319 

9 

52 

.22842 

4-37793 

.24686 

4.05093 

.26546 

3.76709 

,28423 

3.51839 

8 

S 3 

.22872 

4.37207 

.24717 

4.04586 

.26577 

3.76268 

.28454 

3.5144* 

1 

54 

.22903 

4-36623 

.24747 

4x>4o8i 

.36608 

3.75828 

.28486 

3-51053 

6 

55 

.22934 

4.36040 

.24778 

4.03578 

.26639 

3.75388 

.28517 

3.50666 

5 

56 

.22964 

4-35459 

.34809 

4.03075 

.26670 

3.74950 

.28549 

3-50379 

4 

*2 

.22995 

4-34879 

.34840 

4.03574 

.36701 

3.74512 

.285^ 

3.49894 

S 

S 8 

.23026 

4.34300 

.34871 

4.03074 

.26733 

3.74075 

.28613 

3.49509 

a 

59 

-23056 

4-33723 

.34903 

4.01576 

.26764 

3,73640 

.28643 

3 - 491*5 

X 

60 

.23087 

4.33148 

.24933 

4.01078 

.3679s 

3.73205 

.28675 

3.4874* 

a 


Co^AN. 

Tak . 

Cotan.* 

Tan. 

CO-TAN. 

Tan, 

Co^an. 

Tan . 




77 ® II 

76 ^ 11 

7 ^ 11 

74 ® 1 

1 
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Tabi.e 21. — Natitrai. Tangents and Cotangents — 
{CcfriHu.ued) 



1 1 G« 

11 17 ° 

il 18 ° 

1 ! 19 ° 


/ 

Tan. 

Co-tan. 

! Tan. 

Co-tan. 

j Tan, 

Co-TAN. 

j Tan. 

Co-TAN. 

# 

o 

.28675 

3-48741 

.30573 

3.270S5 

.32492 

3.07768 

.34433 

2.9042 X 

6a 

1 

.28706 

3-48359 

.30605 

3-2674.'; 

.32524 

3.07464 

-34465 

2.90147 

5<3 

2 

.28738 

3.47977 

.30637 

5.26406 

-32556 

3.07160 

-34498 

2.89873 

sti 

3 

.28769 

3-47596 

.30669 

3-26067 

-3258S 

3.06857 

.34530 

2.89600 

57 

4 

.28800 

3.47216 

.30706 

3-25729 

.32621 

3.06554 

•34563 

2.89327 

50 

5 

.2^32 

3.46837 

.307.12 

3-35392 

.32653 

3^26252 

.34506 

2.89055 

ss 

6 

.28864 

3.46458 

.30764 

3-25055 

.32605 

3.05050 

.34628 

2.88783 

54 

7 

.28895 

3 .46080 

.30796 

3.24719 

•32717 

305649 

.34661 

2.88511 

53 

8 

.28927 

3.45703 

.30828 

3-24383 

.32749 

3.05349 

.34603 

2.S824O 

S 3 

9 

.28958 

3-45327 

.30S60 

3.34049 

.32752 

3.05049 

• 347^6 

2.87970 

51 

lO 

.28990 

3-44951 

.30891 

3-23714 

*32814 

3-04749 

-34758 

2.87700 

50 

II 

.29021 

3-44576 

.30923 

3.23381 

.32846 

3.04450 

•34791 

2.87430 

4 Q 

12 

•29053 

3.4.1 -'’02 

.309 "5 

3-23048 1 

-32878 

3.04152 

.34824 

2.87161 

48 

13 

.290S4 

3.43020 

.30987 

3-22715 

.32011 

3.03854 

.34856 

2.86892 

47 

14 

.29116 

3*434 56 

-310T9 

3-22384 

-32943 

3-03556 

.34889 

2.86624 

46 

15 

.29147 

3.43004 

•31051 

3 - 22 o .':3 

-3297s 

3.03260 

.34922 

2.86356 

45 

i6 

.29179 

3-42713 

.31083 

3.21722 

-33007 

3.02963 

-34054 

2.86089 

44 


.29210 

3-42343 

.31115 

3.21392 

.33040 

3.026O7 

•3-1987 

2.85822 

43 

i8 

.29242 

3-41973 

.31147 

3.21003 

.33072 

3.02372 

•35019 

a.8ssss 

43 

19 

.29274 

3-41604 

.31178 

3.20734 

•33104 

3.02077 

.35053 

2.852^ 

41 

20 

.29305 

3-41236 

.31210 

3.20406 

•33136 

3.01783 

-35085 

2.85023 

40 

21 

.29337 

3.40869 

.31242 

3.20079 

i .33160 

3.01489 

•35117 

2.84758 

39 

22 

.29368 

3.40502 

.31274 

3-19752 

.33201 

3.01196 

-35150 

2.84494 

38 

23 

.29400 

3.40136 

.31306 

3.19426 

•33233 

3.00903 

.35183 

2.84229 

37 

24 

.29432 

3-39771 

.31338 1 

3.19100 

.33266 

3.00611 

.35316 

3.83965 

36 

85 

.29463 

3-39406 

.31370 

3-18775 

.33298 

3.00319 

.35248 

2.83702 

35 

20 

.29495 

3.39042 

.31402 

3-18451 

-33330 

3.00028 

.35281 

8.83439 

34 

27 

.29526 1 

3-38679 

.31434 

3-18127 

.33363 

2.99738 

.35314 

2.83176 

33 

28 

-29558 

3-38317 

.31466 

3.17804 

.33395 

2.99447 

.35346 

2.829x4 

33 

89 

.29590 

3 - 370 r .5 

.31498 

3.17481 

.33427 

2.99158 

•35379 

2.82653 

31 

30 

.29621 

3-37594 

•31530 

3-17159 

•33460 

2.9^68 

•35412 

2.82391 

30 

31 

-29653 

3-37234 

.31562 

; 3.16838 

•33492 

I 2.98580 

.35445 

2.82130 


32 

.29^)85 

3-36075 

•31594 

3-16517 

•33524 

2.98292 

•35477 

s. 8 1870 

28 

33 

.29716 

3-36516 

.31626 

3-16197 

.33557 

2.98004 

•35510 

2.8x610 

87 

34 

.29748 

3-36158 

.31658 

3-15877 

•33589 

2.97717 

.35543 

2.8x350 

36 

35 

.29780 

3-35800 

.31690 

3-15558 

.33621 

2.97430 

.35576 

2.81091 

25 

36 

.29811 

3-35443 

.31722 

3-15240 

•33654 

2.97144 

.35608 

2.80833 

24 

37 

.29843 

3-35087 

.317.54 

3-14922 

.33686 

2.96858 

.35641 

2.80574 

23 

38 

.29875 

3-34733 

.31766 

3 .i 4 f>o 5 

.33718 

2.06573 

.35674 

2.80316 

22 

39 

-29906 

3-34377 

,31818 

3.14288 

•33751 

2.96288 

.35707 

2.80059 

21 

40 

-29938 

3-34023 

.31850 

3-13972 

•33783 

2.96004 , 

•35740 

2.79802 

20 

41 

.29970 

3-33670 

.31S82 

3-13656 

.33816 

2.95721 

-35772 

3-79545 

10 

42 

.30001 

3-33317 

.31914 

3-13541 

.33848 

2.95437 

.35805 

2.79389 

z8 

43 

-30033 

3-32965 

.31946 

3.13027 

.33881 

2.9515s 

.35838 

3. 79033 


44 

.30065 

3-32614 

; -31978 

3-12713 

•33913 

2.94872 

.35871 

2.78778 

16 

45 

.30097 

3-32264 

.32010 

3.X2400 

•33945 

2.94590 

I .35904 

2.78523 

15 

46 

.30128 

3-31914 

.32042 

3.12087 

1 -33978 

2.94309 

f .35937 

2.78269 

14 

47 

.30160 

3-31565 

-32074 

3 - 1 I 77 S 

.34010 

2.94028 

.35969 

2.78014 

13 

48 

.30192 

3-31216 

.32106 

3-11464 

.34043 

2.93748 

.36002 

2.77761 

13 

49 

.30224 

3.30868 

.32139 

3 - 111.53 

.34075 

2.93468 

•3603s 

2.77507 

ir 

50 

-3025s 

3.30521 

.32171 

3.10842 

.34108 

2-93x89 

.36068 

2.77354 

xo 

51 

.30287 

3-30174 

.32203 

3-10532 

,34140 

2.929x0 

.36x01 

2-77002 

9 

52 

.30319 

3.29829 

.32235 

3.10223 

.34173 

2.92632 

.36134 

2.76750 

8 

53 

•30351 

3-29483 

.32267 

3.09914 

.34205 

2.92354 

.36167 

2.76498 

7 

54 

.30382 

3.29139 

.32290 

3.09O06 

•34238 

2.92076 

.36x99 

2.76247 

6 

55 

.30414 

3-28795 

.32331 

3.09298 

.34270 

2,91799 

.3633a 

3.75996 

5 

56 

.30446 

3-28452 

.32363 

3.08991 

.34303 

2.9x523 

.36265 

2.75746 

4 


•30478 

3.28109 

.32396 

3.08685 

.34335 

2.91246 

.36298 

3.75496 

3 

58 

.30509 

3-27767 

.32428 

3-08379 

•34368 

2.90971 

.36331 

2.75246 

2 

59 

-30541 

3.27426 

.32460 

3-08073 

1 .34400 

2.90696 

.36364 

a.74997 

X 

to 

-30573 

3.2708s 

.32492 

3-07768 

.34433 

2.9043 X 

.36397 

2.74748 

0 

/ i 

Co-TAN. 

Tan. 

Co^xanJ 

Tan. 

CO-TAN- 

Tan. 

Co-TAN . 

Tan. 



72 P IJ 

72 ® II 

1 71 ® li 

1 70 ® 1 
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Table 21. — Natural Taivtgents and Cotancjents — 
{Continued) 



( 20<^ 1 

II 21 ° 1 

II 22° i 

!| 23 ® 



Tan, 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

f 

o 

.36397 

2.747^8 

.38386 

2.60509 

.40403 

2.47509 

.42447 

2.3558s 

60 

1 

.36430 

2 . 74^99 

.38420 

2.60283 

.40436 

2.47302 

.42482 

2-35305 

59 

a 

.36463 

2.74251 

.38453 

2.60057 

.40470 

2.4709s 

.42516 

2.35205 

58 

3 

.36496 

2.74004 

.38487 

2.59831 

.40504 

2.46888 

.42551 

2.35015 

57 

4 

36529 

2.73756 

.38520 

2.59606 

.40538 

2,46682 

.42585 

2.3482s 

56 

s 

-36562 

2.73509 

-38553 

2.59381 

.40572 

2.46476 

.42619 

2.34636 

55 

6 

.36595 

2.73263 

.38587 

2.59156 

.40606 

2.46270 

.42654 

2.34447 

54 

y 

-36628 

2.73017 

.38620 

2.58932 

.40640 

2.46065 

.42688 

2.34258 

S3 


.36661 

2.72771 

•38654 

2.5S708 

.40674 

2.45860 

.42722 

2.34069 1 

53 

9 

.36694 

2.72526 

.38687 

2.58484 

.40707 

2.4565s 

•42757 

2.33881 

SI 

lO 

.36727 

2.72281 

-38721 

2.582O1 

.40741 

2.45451 

.42791 

2-33693 

50 

II 

.36760 

2.72036 

.38754 

2.58038 

.40775 

2.45246 

.42826 

2.3350s 

49 

13 

.36793 

2.71792 

-38787 

2.57815 

.40809 

2.45043 

.42860 

2.333x7 

48 

33 

.36826 

2.7x548 

.38<i.'i 

2-57593 

.40843 

2.44839 

. 4289 i^ 

2.33x30 

47 

34 

.36859 

2.71305 

.38854 

2.57371 

.40877 

a.44636 

.42929 

2.32943 

46 

35 

.36892 

2.71062 

.38888 

2.57150 

.40911 

2.44433 

.42963 

a.32756 

45 

i6 

.36925 

2.70819 

.38021 

2.56028 

.40945 

2.44230 

.4299S 

2.32570 

44 

37 

.36958 

2.70577 

.38955 

2.56707 

.40979 

a. 4402 7 

•43032 

2.32383 

43 

i8 1 

.36991 

2.70335 

.38988 

2.56487 

.4x013 

2.4382s 

.43067 

2.32197 

43 

39 

.37024 1 

2.70094 

.39022 

2.56266 

-41047 

2.43623 

.43101 

2,32012 

41 

30 

.37057 

2.69853 

.39055 

2.56046 

-4108T 

2.43422 

.43136 

2.31826 

40 

31 

.37090 

2.69612 

.39089 

2.55827 

•41x15 

2.43220 

.43170 

2.31641 

.^9 

32 

.37124 

2.69371 

.39x22 

2.55608 

.4x149 

2.430T0 

.43205 

2.31456 

38 

23 

•37157 

2.69131 

.39156 

2.55389 

.4x183 

2.42819 

.43239 

2.31271 

37 

34 

.37190 

2.68892 

.39190 

2.55x70 

.4x2x7 

2.42618 

.43274 

2.31086 1 

36 


.37223 

2.68653 

.39223 

2.54952 

.41251 

2.42418 

.43308 

2.30903 

33 

a6 

.37256 

2.68414 

.39257 

2.54734 

.4x285 ; 

2.4221S 

■43343 

2 30718 

34 

37 

•37289 

2.68175 

.39290 

2.54516 

.413x9 

2.42019 

.43378 

2.30534 

33 

38 

•37322 

2.67937 

•39324 

2.54209 

.4x353 

2.41819 

.43412 

2.30351 

33 

39 

•37355 

2.67700 

•39357 

2.54082 

.4x587 

2.41620 

.43447 

2.30167 

31 

30 

•37388 

2.67462 

.39391 

2.53865 

.41421 

2.41421 

.43481 

2.29984 

30 

33 

-37423 

2.67225 

•39425 

2.53648 

.4x455 

2.41223 

.435x6 

2.29801 

29 

32 

.37455 

2.66989 

.39458 

2.53432 

.41490 

2.41025 

.43550 

2.29619 

23 

33 

.37488 

2.66752 

.39492 

2.532x7 

.41524 

2.40827 

.43585 

2.29437 

27 

34 

.37521 

2.66516 

•39526 

2.53001 

.41558 

2.40629 

.43620 

2.29254 

26 

35 

.37554 

2.66281 

•39559 

2.52786 

.41592 

2.40432 

.43654 

2.29073 

25 

36 

-37588 

2.66046 

.39593 

2.52571 

^41626 

2.4023s 

.43689 

2.28891 

24 

37 

.37621 

2.65S11 

.39626 

2.52357 

.41660 

2.40038 

.43724 

2.28710 

23 

38 

•37654 

2.65576 

.39660 

2.52142 

.41694 

2.39841 

.43758 

a.28528 

22 

39 

.37687 

2.65343 

.39694 

2.51929 

.41728 

2.39645 

•43793 

2.28348 

2 X 

40 

.37720 

2.65109 

.39727 

2.51715 

.41763 

2.39449 

.43828 

2.28167 

20 

41 

.37754 

2.64875 

.39761 

2,51502 

.4x797 

2.39253 

.43862 

! a. 27987 

19 

42 

.37787 

2.64642 

.39795 

2.51289 

.41831 

2.30058 

•43897 

2.27806 

18 

43 

.37820 

2.64410 

.39829 

2.51076 

.4x865 

2.38862 

-43932 

2.37626 

17 

44 

.37853 

2.O4177 

.39862 

2.50864 

.41899 

2.38668 

.43966 

3.27447 

16 

4 S 

.37887 

2.6394s 

.39896 

2.50652 

•41933 

2.38473 

.44001 

2.27267 

IS 

46 

.37920 

2.63714 

.39930 

2.50440 

.41968 

2.38279 

.44036 

2.27088 

14 

47 

•37953 

2.63483 

.39963 

2.50229 

.42002 

2.38084 

.44071 

2.26909 

13 

48 

.37986 

2.63252 

•39997 

2.50018 

.42036 

2.37891 

.44105 

2.26730 

12 

49 

.3S020 

2.63021 

.40031 

2. 4 9007 

.42070 

2.37697 

.44140 

2.26553 

11 

SO 

.38053 

a.62791 

.40065 

2.49597 

.42105 

2.37504 

.44x75 

2.36374 

zo 

S 3 

.38086 

a. 62 561 

.40098 

2.49386 

.42139 

2 . 373 XX 

.44210 

3.26196 

9 

52 

.38120 

a. 62332 

•40132 

2.49177 

•42173 

a.37118 

.44244 

2.26018 

8 

S 3 

.38x53 

2.62103 

.40166 

2^*8967 

.42207 

a.36925 

.44279 

3.35S40 

7 

54 

.38186 

2.61874 

.40200 

2.48758 

.42242 

2.36733 

.443x4 

2.25663 

6 

55 

.38220 

2.61646 

.40234 

2.48549 

.42276 

2.36541 

-44349 

2.25486 

S 

56 

.38253 

a.61418 

.40267 

2.48340 

.423x0 

2.36349 

.44384 

2.25309 

4 

57 

.38286 

a. 61 190 

.40301 

2.48132 

-4234s 

2.36158 

.44418 

2.25132 

3 

58 

.38320 

2.60964 

.40335 

2.47924 

•42379 

2.35967 

.44453 

2.24956 

a 

59 


a.60730 

.40369 

2.47716 

.424x3 

2.35776 

.44488 

3.24780 

X 


-38386 

2.60509 

.40403 

2.47509 

.42447 

2.3558s 

-44523 

2.24604 

0 


COTAN. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

f 


69® 11 

1 68® 1 

1 67® 1 

1 66® 1 
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3'' ABLE 21.^ — ^NaTUUAL TaNGENTS and CoTAN(iFONTB— 

{Cordirmed) 



24 ° 

1 25 ° 

1 2 G® 

(1 27 ® 


/ 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 


o 

.44523 

2.24604 

.46631 

2.14451 

.48773 

2.05030 

.50953 

1.96261 

60 

I 

.44558 

2-24428 

.46666 

2.14288 

.48809 

2.04879 

.50989 

1,96120 

59 

s 

*44593 

2.24252 

.46702 

2.14125 

.48845 

2.04728 

.51026 

1-95979 

58 

3 

.44627 

2.24077 

.46737 

2.13063 

.48881 

2.04577 

.51063 

1.95838 

57 

4 

.44662 

2.23902 

,46772 

2 . 13 .' 5 oi 

.48017 

2.04426 

.51009 

1.95698 

56 

5 

.44697 

2.23727 

.46808 

2.13639 

-48953 

2.04276 

.51136 

1-95557 

55 

t 

■44732 

2.23553 

.46843 

2.13477 

.48989 

2.0412 s 

•51173 

1-95417 

54 

7 

•44767 

2.23378 

.46879 

2.13316 

-40026 

2.03975 

.51209 

i. 9 S 3'77 

53 

8 

.44803 

2.23204 

-46914 

2-13154 

.49062 

2.03825 

.51246 

1-95137 

53 

9 

.44837 

2.23030 

.460 <^0 

2.1 2003 

.40008 

2.03675 

.51283 

1 -94097 

51 

lO 

.44872 

2.22857 

.46985 

2.12832 

•49134 

2.03526 

.51319 

1.94858 

50 

1 1 

.44907 

2.22683 

.47021 

2.12671 

.49170 

2.03376 

.51356 

1.94718 

49 

12 

.44942 

2-22510 

.47056 

2.12511 

.49206 

2.03227 

•51393 

1.94579 

48 

13 

.44977 

2.22337 

.47092 

2.12350 

.49242 

2.03078 

•51430 

1.94440 

47 

14 

.45012 

2.22164 

.47128 

2.I2I90 

.49278 

2-02929 

.51467 

1. 9430 1 

46 

i.*? 

•45047 

2.2I()92 

.47163 

2.12030 

.49315 

2.02780 

•51503 

1.94162 

45 

i6 

.45082 

2.21819 

.47199 

2.11871 

.49351 

2.02631 

.51540 

1.94023 

44 


.45117 

2.21647 

-47234 

2.11711 

.49387 

2.02483 

.51577 

1.9388s 

43 

i8 

.45152 

2.21475 

.47370 

2.1 1552 

-49423 

2.02335 

.51614 

1-93746 

42 

Ip 

.45187 

2.21304 

.47305 

2.11392 

.49459 

2.02187 

.51651 

1-93608 

41 

20 

.45222 

2.21X32 

•47341 

2.II233 

-49495 

2.02039 

.51688 

1-98470 

40 

21 

.45257 

2.20961 

.47377 

2.1 1075 

.49532 

2.01891 

.51724 

1.93332 

39 

22 

.45292 

2.20790 

.47412 

2.10916 

.49 

2.01743 

.51761 

1.93195 

38 

23 

-45327 

2.20619 

.47448 

2.10758 

WI9604 

2x11596 

.51798 

1-93057 

37 

24 

•45362 

2.20449 

.47483 

2.10600 

.49640 

2.01449 

.51835 

X. 92920 

36 

25 

•45397 

2.20278 

•47519 

2.10442 

.49677 

2.01302 

.51872 

1.92782 

35 

26 

.45433 

2.20108 

•47555 

2.10284 

.49713 

2.01155 

.51909 

1.9264s 

34 

27 

.45467 

2.19938 

.47590 

2.10126 

.49749 

2.01008 

.51946 

1.92508 

33 

28 

~ 4 SSo 2 

2.19769 

.47626 

2.09069 

.49786 

2.00862 

.51983 

1-92371 

32 

2p 

•45537 

2.19599 

.47662 

2.09811 

.49822 

2.00715 

.52020 

1.92235 

31 

30' 

•45573 

2.X9430 

.47698 

2.09654 

.49858 

2XK>569 

.52057 

1.92098 

39 

31 

.45608 

2.19261 

.47733 

2,09498 

.49894 

a. 00423 

.52094 

1.91962 

29 

32 

.45643 

2.t()092 

-47769 

1 2.09341 

W 49931 

2.00277 

.52131 

1.91826 

28 

33 

.45678 

2.18023 

.47805 

2^)9184 

.49967 

2.00131 

.52168 

1.91690 

27 

34 

.45713 

2.18755 

.47840 

2,09028 

.50004 

1.99986 

.52205 

1-91554 

26 

35 

.45748 

2.18587 

.47876 

2.08872 

.50040 

1.99841 

.52242 

1.91418 

25 

36 

.45784 

2.18419 ) 

.47912 

2.08716 

.50076 

1.9969s 

.52279 

1.9x282 

24 

37 

.45819 

2.18251 

.47948 

2.08560 

.50113 

1-99550 

.52316 

1-91147 

23 

38 

.45854 

2,18084 

.47984 

2.08405 

.50149 

1.99406 

-52353 

1.91012 

22 

39 

.45889 

2.17916 

.4S019 

2.08250 

.50185 

1.99261 

-52390 

1.90876 

21 

40 

.45924 

2.17749 

.48055 

2.08094 

.50222 

1.99116 

.52427 

1.90741 

20 

41 

.45960 

2.17582 

.48091 

2.07939 

.50258 

1.98072 

.52464 

1.90607 

^9 

43 

•45995 

2.17416 

.48127 

2.07785 

.50295 

1.98828 

.52501 

1.90472 

18 

43 

,46030 

2.17249 

-4816.3 

2.07630 

-50331 

1.98684 

.52538 

1.90337 

17 

44 

.46065 

2.17083 

.48198 

2.07476 

.50368 

1.98540 

.52575 

1.90203 

16 

45 

.46101 

2.16917 

-48234 

2.07321 

.50404 

1.98396 

.52613 

1.90069 

15 

46 

-46136 

2.16751 

.48270 

2.07167 

-50441 

1.98253 

.52650 

1-89935 

14 

47 

.46171 

2.16585 

-48306 

2.07OT4 

-50477 

1.98110 

.52687 

1.89801 

13 

48 

-46206 

2.16420 

.48342 

2.06860 

*50514 

1.97966 

.52724 

1.8^67 

ra 

49 

.46242 

2.16255 

.48378 

2.06706 

.50550 

1.97823 

.52761 

1.89533 

XI 

50 

.46277 

2.160^ 

.484,14 

2.06553 

.50587 

1.97680 

.52798 

1,89400 

to 

SI 

.46312 

2.15925 

.48450 

2.06400 

.50623 

X.97538 

.52836 

1.89266 

9 

52 

-46348 

2.15760 

-48486 

2.06247 ; 

.50660 

1.9739s 

.52873 

1.89133 

3 

S 3 

.46383 

2.15596 

-48521 

2.06094 

.50696 

1.97253 

.52910 

1.89000 

7 

54 

-46418 

2.15432 1 

.48557 

2x15942 

.50733 

1.97111 

I .52947 

1.88867 

6 

SS 

-46454 

2.15268 1 

.48593 

2 X >5790 

.50769 

1.96969 

.52984 

1.88734 

5 

S6 

-46489 

2.15104 

.48629 

2-05637 

,50806 

1.96827 

1 .53022 

1.88^2 

4 

57 

.46525 

2.14940 

.48665 

2.05485 

.50843 

1.96685 

.53059 

1.88469 

3 

S8 

^46560 

2.14777 

.48701 

2.05333 

.50879 

14)6544 

.53096 

1-88337 

a 

59 

^46595 

3.14614 

.48737 

2x15182 

.50916 

1.96402 

.53134 

1.88205 

X 

60 

.46631 

3.14451 

.48773 

2x15030 

-50953 

X. 96261 

.53171 

X. 88073 

0 

# 

COTAN. 

Tan. 

Co-TAN. 

Tan. 

Co*tan. 

Tan. 

Co-tan. 

Tan. 



t 

64® I 

63® 1 

62® 1 
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Table 21 . — Natural Tangents and Cotangents 
(Continued) 



28 “ 

1 29 ® 

1 30 ® 

31.0 



Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN- 

' 

o 

-53171 

X.88073 

-S 543 I 

1.80405 

•57735 

1.7320s 

.60086 

1.66428 

60 

1 

-53208 

1.87941 

.55469 

1.80281 

•57774 

1.73089 

.60126 

1.66318 

59 

3 

-53246 

1.87809 

.55507 

1A5158 

.57813 

1-72973 

.60165 

I. 6209 

58 

3 

.53283 

1.87677 

.55545 

1.80034 

.57851 

1-72857 

.60205 

1 .66099 

57 

4 

-53320 

1.87546 

.55583 

1.79911 

-57890 

1-72741 

.60245 

165990 

5 'J 

5 

-53358 

1.87415 

.55621 

1.79^08 

-57929 

1.72625 

.60284 

1.65881 

5 j 

6 

-53395 

1.87283 

.55659 

1.79665 

-57968 

1.72509 

.60324 

1.65772 

54 

7 

-53432 

1-87152 

•55697 

1-79542 

.58007 

1.72303 

.603O4 

1.65663 

53 

8 

-53470 

1.87021 

•55736 

1.79419 

.58046 

1.72278 

.60403 

1.65534 

52 

9 

-53507 

1.86891 

•55774 

1.79296 

.5-8085 

1.72163 

.60443 

1-65445 

51 

lO 

^3545 

1.86760 

.55812 

1.79174 

.58124 

1.72047 

.60483 

1.65337 

50 

It 

.53583 

1.86630 

.55850 

1.79051 

.58162 

1.71932 

.60522 

1.65228 

49 

13 

.53620 

1. 86499 

.55888 

1.78929 

,58201 

1.71817 

.60562 

1.65120 

48 

13 

-53657 

I.863O9 

.55926 

1.78807 

.58240 

3.71702 

.60602 

1.6 50 1 1 

47 

14 

-53694 

1.86239 

.55964 

1.78685 

.58279 

1.71588 

.60642 

1.64903 

46 

i.S 

-53733 

1.86109 

.56003 

1.78563 

.58318 

1.71473 

.606S1 

1.6479s 

45 

i6 

-53769 

1.85979 

.56041 

1.78441 

.58357 

1-71358 

.60721 

1.64687 

44 

17 

-53807 

1.85850 

.56079 

1.78319 

.58396 

1.71244 

.60761 

1.64579 

43 

i8 

-53844 

1.85720 

•56117 

1.78198 

1.78077 

.58-135 

1.71129 

.60801 

1.64471 

43 

IQ 

.53882 

1 - 8 S 59 X 

•56156 

.58^74 

I.71015 

.60841 

1.64363 

41 

30 

^3920 

1.85462 

.56194 

1.77955 

•58513 

1.70901 

.60881 

1.64256 

40 

31 

-33957 

1.85333 

.56233 

1-77834 

.58552 

1.70787 

U 5 o 02 I 

1,64148 

39 

32 

-53995 

1.85204 

.56270 

1.77713 

•58591 

1-70673 

.60960 

1.64041 

3 t* 

23 

-54033 

1.8507s 

.56309 

1.77592 

.58631 

1.70560 

.61000 

1-63934 

37 

24 

•64070 

1.84946 

•56347 

1.77471 

.58670 

1.70446 

.61040 

1.63826 

36 

85 

^4107 

1.84818 

.56385 

1.77351 

.58709 

1.70332 

.61080 

1.63719 

35 

36 

-54145 

1.84689 

.56424 

1-77230 

.58748 

1-70219 

.6x120 

1.63612 

34 

87 

-54183 

1.84561 

.56462 

I.7711O 

.58787 

1.70106 

.61160 

1-63505 

33 

28 

.54220 

1.84433 

.56500 

1.76990 

.58826 

1.60992 

.61200 

1.63398 

32 

8Q 

-54258 

-54396 

1.8430s 

.56539 

1.76869 

.58865 

1 . 6^79 

.61240 

1.63292 

31 

30 

1.84177 

.56577 

1.76749 

.58904 

1.69766 

.61280 

1.6318s 

30 

31 

-54333 

1.84049 

.56616 

1.76630 

.58944 

1.69653 

.61320 

1.63079 

29 

38 

-54371 

1.83922 

.56654 

1.76510 

.58983 

1.69541 

.61360 

1 62972 

a8 

33 

.54409 

1.83794 

•56693 

1-76390 

.59022 

1.69428 

431400 

1.62S66 

27 

34 

.54446 

1.83667 

.56731 

1.76271 

.59061 

1.693x6 

.61440 

1.62760 

a6 

35 

.54484 

1.83540 

,56769 

1.76151 

.59101 

1.69203 

.61480 

1.62654 

25 

36 

-54523 

1.83413 

,56808 

1* 76032 

.59140 

1 1-69091 

.61520 

1.62548 

34 

37 

-54560 

[ 1.83286 

.56846 

1.75913 

.59179 

: 1.68979 

61561 

1.62442 

33 

3S 

-54597 

1 1.83159 

.56885 

1.75794 

.59218 

1.68806 

.61601 

1.62336 

32 

39 

i -54635 

1^53033 

.56923 

1.7567s 

•59258 

1.68754 

.61641 

1.62230 

21 

40 

•54673 

X .83906 

.56962 

1.75556 

•59297 

IJ6S643 

.61681 

1.62125 

20 

41 

•5471 1 

1.82780 

.57000 

1-75437 

•59336 

1.68531 

.61721 

1.620x9 

^2 

48 

-54748 

1.82654 

.57039 

1.75319 

.59376 

1.68419 

.61761 

1.6x914 

iS 

43 

.54786 

X.82528 

.57078 

1,75200 

.59415 

1.68308 

.61801 

X. 61808 


44 

.54824 

1.83403 

.57116 

1.75082 

-59454 

1.68 196 

.6184a 

1.61703 

16 

45 

.54862 

1.82276 

.57155 

1.74064 

.59494 

1.68085 

61882 

1.61598 

IS 

46 

-54900 

! 1.82150 

.57193 

1.74846 

•59533 

1.67974 

61922 

1.61493 

1.61388 

14 

47 

.54938 

1.82025 

.57232 

1.74728 

-59573 

1.67863 

.61962 

13 

4 ^ 

•54975 

X.81899 

.57271 

1.74610 

.59612 

1.67752 

62003 

1.61283 

xa 

49 

.55013 

1.81774 

.57309 

1,74493 

.59651 

1.67641 

.62043 

1.61179 

11 

50 

-55051 

1.8x649 

.57348 

1-74375 

.59691 

1.67530 

.62083 

1.6x074 

10 

51 

.55089 

1.8x534 

.57386 

1.74257 

-59730 

1.67419 

.62x24 

1.60970 

9 

52 

.55127 

1.81399 

.57435 

1.74140 

-59770 

1.67309 

.62164 

1.6086s 

8 

53 

•55165 

1.81274 

.57464 

1,74022 

.59809 

1.67x98 

1.67088 

.62204 

1.60761 

7 

54 

.55303 

1.8x150 

.5 '.503 

1.73905 

.59849 

.62245 

1. 60657 

6 

55 

-55341 

ij8xo2S 

.57541 

1.7378^ 

.59888 

1.6^78 

1.66867 

62285 

1. 60553 

5 

56 i 

.55379 

1.80901 

.57580 

1.73671 

-59928 

.62325 

1.60449 

4 

57 

.55317 

1.80777 

.57619 

1 *73555 

.59967 

1.66757 

62366 

1.6034s 

3 

sS 

-SS 3 SS 

1.80653 

•57657 I 

1.73438 

4 >oo 07 

1.66647 

1.66538 

.62406 

1.60241 

a 

59 ; 

•55393 

1.80529 

.57696 1 

1.73321 

.60046 

.62446 

62487 

1.60137 

z 

60 1 

-SS 431 

X. 80405 

•57735 

1.73205 

.60086 

X. 66428 

X .60033 

0 


Co-TAN, 

Tan. 

Co-TAN. 

I Tan. 

Co-TAN . 

Tan. 

1 Co-TAN 

Tan. 



61® 

1 eo® 

1 59® 

1 5g® 
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Table 21. — Natural Tangents and Cotangents — 
{Continued) 



1 32 ® 

11 33 ® 

CO 

35° 


/ 

Tan. 

Co-tan. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

1 Tan. 

Co-TAN. 

/ 

o 

.62487 

1.60033 

.64941 

1.53086 

•67451 

1.482^6 

.70021 

1.4281 <> 

60 

X 

-62527 

.62568 

1-59930 

.64982 

1-53888 

•67493 

1.48163 

.70064 

1.42726 

50 

3 

1.59826 

.65023 

1.53791 

•67536 

1.48070 

.70107 

1.42638 

58 

3 

.62608 

1.59723 

.65065 

1.53693 

-67578 

1.47977 

.70151 

1-42550 

57 

4 

.62649 

1.59620 

.65106 

1-53595 

.67620 

1.47885 

.70194 

1.42462 

56 

S 

.62689 

1.59517 

.65148 

1.53497 

.67663 

1-47792 

.70238 

1.42374 

55 

6 

J62730 

1.59414 

.65189 

1.53400 

.67705 

1-47699 

.70281 

1.42286 

54 

7 

J62770 

I.59311 

.65231 

1.5330a 

.67748 

1.47607 

.7032s 

1.42198 

S 3 

8 

.6281 X 

1.59208 

■6527a 

1-53205 

457790 

1-47514 

.70368 

1.42 110 

5 * 

9 

.62852 

1.5910s 

.65314 

1-53107 

.67832 

1.47422 

.70412 

1. 42022 

Sr 

zo 

J62892 

1.59002 

.6535s 

1.53010 

.67875 

1-47330 

.70455 

1-41934 

50 

XI 

-62933 

1.58900 

.65397 

1-52913 

•67917 

1.47238 

.70499 

1.41847 

49 

X 2 

.62973 

1-58797 

.65438 

1.528x6 

457960 

1.47146 

.70542 

1.41759 

48 

13 

.63014 

1.58695 

.65480 

1.52719 

.68002 

1.47053 

.70586 

X.41672 

47 

14 

.63055 

1-58593 

.65521 

1.5262a 

.<kSo45 

1.46962 

.70629 

1.41584 

46 

i.? 

-6309s 

1.58490 

.65563 

1-52525 

.68088 

1.46870 

.70673 

1.41497 

45 

l6 

.63136 

1.58388 

.65604 

1-52429 

.68130 

1.46778 

.70717 

1.41409 

44 

17 

.63177 

1.58286 

.65646 

1-52332 

.68173 

1.46686 

-70760 

1.4132a 

43 

i8 

.63217 

1.58184 

.65688 

1.5223s 

.68215 

1-46595 

.70804 

1.41235 

4a 

10 

.63258 

1.58083 

.65729 

1-52139 

.68258 

1.46503 

.70848 

1.41148 

41 

so 

.63299 

1.57981 

.65771 

1.53043 

.68301 

Iut64il 

.70891 

1.41061 

40 

SI 

.63340 

1-57879 

.65813 

1.51946 

.68343 

1.46320 

.70935 

1.40974 

39 

sa 

.63380 

1.57778 

.65854 

1.51850 

.68386 

1.46229 

.70979 

1.40887 

38 

»3 

.63421 

1.57676 

.65896 

1.51754 

.68429 

1-16137 

.71023 

I.40S0O 

37 

84 

.6346a 

1-57575 

-65938 

1,51658 

U 58471 

X. 46046 

.71066 

1.40714 

36 

8.') 

-63503 

1.57474 

.65980 

1.51562 

.68514 

1-45955 

.71110 

1.40627 

35 

o6 

•63544 

i-S 737 a 

.66021 

1.51466 

•68557 

1.45864 

.71154 

1.40540 

34 

87 

.63584 

1.57271 

,66063 

1.51370 

,68600 

1.45773 

.71198 

1.40454 

33 

s8 

.63625 

1.57170 

,66x0$ 

1.51275 

.68642 

1.45682 

.7124a 

1.40367 

3 » 

so 

.63666 

1.57069 

,66147 

1.51179 

,6868s 

1.45593 

.71285 

140281 

31 

90 

.63707 

1.56969 

,66189 

1.51084 

4S8728 

I- 4 SSOI 

.71329 

I40I95 

30 

31 

.63748 

.63789 

1.56868 

,66230 

1.50988 

.68771 

1.45410 

.71373 

140x09 

!S 

3a 

1.56767 1 

.66272 

1-50893 

,68814 

1.45320 

.71417 

1.4002a 

33 

^63830 

1.56667 

•66314 

1.50797 

.68857 

1.45229 

.71461 

1.39936 


34 

.63871 

1.56566 

.66356 

1.5070a 

.68900 

1.45139 

.71505 

1-39850 

a 6 

35 

.639x2 

1.56466 

.66398 

1.50607 

.68942 

1.45049 

•71549 

! 1-39764 

as 

36 

-63953 

1.56366 

,66440 

1.50512 

.68985 

1.44958 

.71593 

1.39679 

24 


-63994 

1.56265 

,66482 

1.50417 

.69028 

1-^4868 

.71637 

1-39593 

33 

38 

-6403s 

1.56165 

,66524 

,66566 

1.50323 

.6^71 

1.44778 

,71681 

1-39507 

22 

39 

.64076 

1.56065 

1.50228 

.69114 

1.44688 

•7172s 

1-39421 

21 

40 

434117 

1.55966 

,66608 

1.50133 

-69157 

1.44598 

-71769 

1-39336 

20 

41 

.64158 

1,55866 

,66650 

1.50038 

.69200 

1.44508 

.7x813 

1.39250 

*9 

48 

,64199 

1-55766 

*66692 

1-49944 

-69243 

1.44418 

-71857 

1.39165 

IS 

43 

.64240 

1.55666 


1.49849 

.69286 

1-W329 

.71901 

1.39079 

1.38994 

17 

44 

.64281 

1-55567 

1-49755 

459329 

1-44239 

.71946 

26 

4 S 

<164322 

1.55467 

.668 iS 

1.49661 

.69372 

1.44149 , 

.71990 

1.38909 

IS 

46 

.64363 

1.55368 

.6C860 

i «49566 

.694x6 

1.44060 

•72034 

.72078 

1.38824 

14 

% 

.64404 

1-55269 

.6690a 

1.49472 

-69459 

1.43970 

1-38738 

13 

.64446 

1.55170 

.66944 

.66986 

1.49378 

.6950a 

1.43881 

.72122 

1-38653 

1.38568 

la 


.64487 

434528 

1.55071 

1.49284 

-6954s 

1.43793 

.72166 

11 

SO 

1.5497a 

.67028 

1^^9190 

.69588 

1.43703 

.722x1 

1.38484 

zo 

51 

.64569 

1.54873 

.67071 

1.49097 

.69631 

1.43614 

.72255 

1-38399 

9 

Sa 

.64610 

1.54774 

i.S 4 %S 

.67113 

1,49003 

•69675 

1.43525 

.72299 

1.38314 

8 

53 

J64652 

•6715s 


439718 

1.43436 


1.38239 

7 

54 

•64603 

1.54576 

.67197 

1,48816 

.69761 

1-43347 

1.3814s 

6 

S| 

‘64734 

1.54478 

.67239 

1.4872a 

.6^4 

1.43258 

.7243a 

1.38060 

5 

56 

.648x7 

.64855 

1.54379 

,67282 

148629 

.69847 

1.43169 

.72477 

1-37976 

4 

12 

1.54281 

1.54183 

.67324 

.67366 

1.48530 

1.48442 

,.69891 

^69934 

1.43080 

1,42992 

.721865 

1. 37891 
1.37807 

3 

2 

g 

434S99 

1,54085 

.67409 

1^48349 

.69077 

1.42003 

1.42815 

.7i6io 

1.37722 

1.37638 

X 

*64941 

1.53986 

257451 

1.4S256 

.70021 

.72054 

0 


Co-tan. 

Tan, 

Co-TAN. 

Tan, 

Co-TAN. 

Tan. 

Cotan. 

Tan, 



3 T* 1 

56 ® i 

55 ^ 1 

64 ® 
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Table 21. — Natural Tangents and Cotangents — 
{Continued) 



1 36 ® 

CO 

•4 

0 

0 

00 

CO 

89 ° 


$ 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

/ 

o 

♦72654 

1.37638 

.75355 

1.32704 

.78129 

1.27994 

.80978 

1.23490 

60 

I 

.73699 

1.37^4 

.75401 

1.32624 

.78175 

1.27917 

.81027 

1.23416 

50 

s 

.72743 

.72788 

1.37470 

•75447 

1.32544 

.78222 

1.27841 

.81075 

1-23343 

58 

3 

1.37386 

.75492 

1.32464 

,78269 

1.27764 

.81123 

1.23270 

57 

4 

.72832 

1.37302 

.75538 

1-32384 

.78316 

1,27688 

.81171 

1.23196 

S6 

5 

.72877 

1.37218 

.75584 

1.32304 

.78363 

1,27611 

.8x220 

I.23123 

SS 

6 

.72921 

1.37134 

♦75629 

1.32224 

.78410 

1.27535 

.81268 

1.23050 

54 

7 

.72966 

1.37050 

.75675 

1.32144 

.78457 

1.27458 

.81316 

1.22977 

53 

8 

.73010 

1.36967 

•75721 

1.32064 

.78504 

1.27382 

.81364 

z. 22904 

Sa 

P 

♦73055 

1.36883 

♦75767 

1.31984 

.78551 

1.27306 

.814x3 

1.22831 

-1 

TO 

.73100 

1.36800 

.75812 

1.31904 

.78598 

1.27230 

.81461 

1.33758 

SO 

IX 

♦73144 

1.36716 

.75858 

1-31825 

.78645 

1.27153 

.81510 

1.22685 

40 

X2 

.73189 

1.36633 

.75904 

1.31745 

.78692 

1.27077 

.81558 

1.2361a 

48 

13 

♦73234 

1.36549 

.75950 

1.31666 

.78739 

1. 27001 

.81606 

1-22539 

47 

14 

.73278 

1.36466 

.75996 

1.31586 

.78786 

1.26925 

.81655 

1.32467 

46 

15 

.73323 

1.36383 

.76042 

1.31507 

.78834 

1.26849 

,81703 

1-22394 

45 

i6 

-73368 

1.36300 

.76088 

1.31427 

.78881 

1.26774 

.81752 

1.22321 

44 

17 

-73413 

1.36217 

•76134 

1-31348 

.78928 

1.266^ 

JiiSoo 

1.22249 

43 

x8 

•73457 

1.36133 

.76180 

1.31269 

.78975 

1.26623 

Jii849 

1.22176 

4a 

ap 

•73502 

1.36051 

.76226 

I.31190 

.79022 

1.26546 

.81S98 

1 . 23 X 04 

4a 

ao 

•73547 

1.35968 

.76272 

1.31110 

•79070 

1.26471 

,81946 

1.22031 

40 

SI 

•73592 

1.35885 

.76318 

1.31031 

.79117 

1.2639s 

.81995 

1-3 1959 

30 

as 

♦73637 

1.35802 

.76364 

1-30952 

.79164 

1.26319 

,82044 

X.21886 

38 

23 

.73681 

1.35719 

,76410 

1.30873 

.79212 

X.26244 

.82092 

1.31814 

37 

24 

•73720 

1.35637 

.76456 

1-30795 

•79259 

1.26169 

.82141 

1.31743 

36 

25 

.73771 

1.35554 

.76502 

1-30716 

.79306 

1.26093 

.82190 

1.21670 

35 

a6 

.73816 

1-35472 

.76548 

1.39637 

.79354 

1.26018 

.82238 

1.21598 

34 

27 

.73861 

1.35389 

•76594 

1.30558 

.79401 

1.25943 

.82287 

1.2x526 

3 S 

ab 

.73906 

1.35307 

.76640 

1.30480 

.79449 

1.25867 

,82336 

1.21454 

3a 

ap 

.73951 

1-35224 

,76686 

1.30401 

.79496 

1.25792 

.82385 

X.21382 

31 

30 

.73996 

1.35143 

.76733 

1.30323 

-79544 

1.25717 

.82434 

1.2x310 

30 

31 

.74041 

1.35060 

.76779 

1.30244 

.79591 

1.35642 

,82483 

X.21238 

30 

32 

.74086 

1-34978 

.76825 

1.30166 

.79639 

1-25567 

-82531 

1.2x166 

sS 

33 

♦74131 

1.34896 

.76871 

1-30087 

.79686 

1.25493 

.82580 

1.21094 

27 

34 

♦74176 

1.34814 

.76918 

1,30009 

.79734 

1-25417 

.82629 

1 . 3 X 023 

a6 

35 

.74221 

1.34732 

.76964 

1.29931 

.79781 

1.25343 

,82678 

1.20951 

as 

36 

.74267 

1.34650 

.77010 

1.29853 

.79829 

1.35368 

.82727 

1.30879 

24 

37 

.74312 

1.34568 

'77057 

1.2977s 

.79877 

1.35193 

,82776 

X. 20808 

23 

38 

•74357 

1.34487 

.77103 

1. 29696 

.79924 

1.35118 

.82825 

X. 20736 

32 

3 P 

•74402 

1 -3440s 

.77149 

1.396x8 

.7997a 

1.35044 

,82874 

z. 30665 

21 

40 

.74447 

1-34323 

-77196 

1,39541 

.Booao 

1.34969 

.82923 

1.20593 

30 

41 

.74493 

1-3424? 

1.34160 

.77242 

1.39463 

.80067 

1,3489s 

.82973 

X. 20523 

19 

42 

.74538 

.77289 

1.29385 

A>it5 

1.24820 

.83023 

1.20451 

i 3 

43 

.74583 

1.34079 

•77335 

1.29307 

^>163 

1.24746 

.83071 

1.20379 

17 

44 

.74628 

1.33998 

.77382 

1.39229 

,8oaix 

1.2467a 

.83130 

1. 20308 

16 

45 

.74674 

1.33916 

•77428 

Z 4 » 9 X 53 

A5358 

1.24597 

,83218 

1.30237 

15 

46 

.74719 

1.33835 

.77475 

1.39074 

,80306 

1.24523 

X.30166 

14 

47 

.74764 

1. 33754 

.77521 

1.28997 

.80354 

1.24449 

.83368 

1.3009s 

13 

48 

.74810 

1.33673 

.77568 

1.38919 

.80402 

1-24375 

•83317 

1.30034 

la 

4 P 

.74855 

1-33592 

.77615 

1.28842 

.80450 

1. 24301 

.83366 

I-IP 9 S 3 

X.19882 

11 

SO 

.74900 

1.33511 

.77661 

1.38764 

,80498 

X. 24227 

.83415 

10 

SI 

.74946 

1-33430 

.77708 

1.38687 

AD546 

1-24153 

.83465 

X.1981X 

9 

52 

♦74991 

1-33349 

•77754 

.77801 

1.286 to 

A 3594 

1.24079 

.83514 

1.19740 

a 

S 3 

.75037 

.7508a 

1.33268 

1.28533 

.80642 

1.24005 

.83564 

1.19669 

7 

54 

1.33187 

.77848 

X. 384 56 

,80690 

1.23031 

.836x3 

i.XPSPP 

1,19528 

6 


.75128 

1.33107 

.77895 

1.28379 

.80738 

14*3858 

.8366a 

5 

56 

♦75173 

1.33026 

.77941 

X .3830a 

.80786 

1.23784 

.83712 

1 .XP 457 

4 

12 

♦75319 

.75264 

1.32046 

1.32865 

.77988 

1.28225 

1.38x48 


1.23710 

1.23637 

.83761 

.838x1 

1.19387 

1.19316 

3 

a 

SP 

•75310 

1.32785 

1. 28071 

A >930 

1.23563 

,83860 

1.19246 

X 

60 

•75355 

1.32704 

.78129 

1.27994 

.80978 

1.23490 

,83910 

I. 1017 S 

0 

/ 

CO^AK. 

5: 

Tan. 

JO 

Co>TAN. 

Tan, 

JO 

Co^TAN. 

5: 

Tan. 

CCHTAN, 

5 ( 

1 Tam 

IP 
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Table 21. — Natural Tangents and Cotangents — 
{Continued) 



1 40 ® 

11 41 ® 

II 42 ® 

11 43 ® 


/ 

Tan. 

Co-tan. 

Tan. 

Cotan. 

Tan. 

COTAM. 

Tan. 

Co-TAN. 


o 

.83910 

119175 

.86929 

1-15037 

.90040 

I.II061 

-93252 

1.07237 

60 

I 

.83960 

1.19105 

.86980 

1.14969 

.90093 

1.10996 

•93306 

1.07174 

50 

2 

.84009 

1.1003s 

-87031 

X. 14902 

.90146 

I.IO93I 

.93360 

I.07112 

S8 

3 

.84059 

1.18964 

.87082 

1.14834 

.90199 

1. 10867 

- 934^5 

1.07049 

57 

4 

-84108 

1.18894 

.87133 

1.14767 

.90251 

1.10802 

.93469 

1.06987 

5<5 

S 

.84158 

1.18824 

.87184 

1.14699 

•90304 

1.10737 

-93524 

1.06925 

55 

6 

.84208 

X. 18754 

.87236 

1.14632 

•90357 

1.10672 

.93578 

1.06862 

54 

7 

.84258 

1.18684 

.87287 

1.1456s 

.90410 

1.10607 

.93633 

1.06800 

53 

8 

.84307 

1.18614 

.87338 

1.14498 

.90463 

1 .10543 

4)j688 

1.06738 

5 * 

9 

.84357 

1.18544 

.87389 

1.14430 

.90516 

1.10478 

.93743 

1.06676 

51 

lO 

.84407 

1.18474 

.87441 

1.14363 

.90569 

T-10414 

•93797 

1/36613 

50 

11 

-84457 

1.18404 

.87492 

1-14296 

.90621 

1. 10349 

.93852 

1.06551 

49 

12 

.84507 

1.18334 

•87543 

1.14229 

.90674 

1.10285 

4)3906 

1.06489 

48 


.84556 

1.18264 

.87595 

1.14162 

.90727 

1. 10220 

4)3961 

1.06427 

47 


.84606 

1.18194 

.87646 

1.14095 

.90781 

1.10156 

4)4016 

1.06365 

46 

JS 

.84656 

1.1812s 

.87698 

1.14028 

.90834 

1.10091 

.94071 

1.06303 

45 

i6 

.84706 

1.18055 

.87749 

1.13961 

.90887 

1. 10027 

-9412s 

1.06241 

44 


.84756 

1.17986 

.87801 

1.13894 

.00040 

1.09963 

.94180 

1.06179 

43 

i8 

.84806 

1.17916 

.87S52 

1.13828 

.90993 

1.09899 

•94235 

ix>6h7 

42 

19 

.84856 

1.17846 

.87904 

1.13761 

.91046 

1.09834 

.94290 

1.06056 

41 

20 

.84906 

I. 17777 

•8795s 

1.13694 

.91099 

1.09770 

•94345 

1-05994 

40 

21 

•84956 

1*17708 

.88007 

1.13627 

.91153 

1.09706 

.94400 

1.05932 

30 

22 

.85006 

1.17638 

.88059 

1.13561 

.91206 

1.09642 

4)4455 

1.05870 

38 

as 

.85057 

1.17569 

.88110 

1.13494 

.91259 

1.09578 

-94510 

1/55809 

37 

24 

.85107 

1.17500 

.88162 

1.13428 

•91313 

1.09514 

.94565 

1/55747 

36 

S 5 

.85157 

1-17430 

.88214 

1.13361 

.913O6 

1.09450 

.94620 

1.0568s 

35 

26 

.85207 

1.17361 

.88265 

1.13295 

.91419 

1.09386 

.94676 

1/55624 

34 

87 

.85257 

I. 17292 

.88317 

1.13228 

.91473 

1.09322 

.94731 

1.05562 

33 

28 

.85307 

1. 17223 

.88369 

1-13162 

.QI526 

1.09258 

4)4786 

1/55501 

3a 

29 

.85358 

1.17154 

.88421 

1.13096 

.91580 

1.0919S 

4)4841 

1.05439 

31 

30 

.85408 

1.1708s 

.88473 

1.13029 

.91633 

1.09131 

.94896 

1-05378 

30 

31 

.85458 

1.17016 

.88524 

1.12963 

.91687 

1.09067 

.94952 

1.05317 


32 

-85509 

1-16947 

.88576 

1.12897 

.91740 

1.09003 

4)5007 

1.05255 

28 

33 

.85559 

1.16878 

.88628 

1.12831 

.91794 

1.08940 

4)5062 

1/55194 

27 

34 

.85609 

i.i68<^ 

.88680 

1.1276s 

.91847 

1.08876 

4)5 1 18 

1.05133 

26 

3 S 

.85660 

1.16741 

.88732 

1.12699 

.91901 

1.08813 

.95173 

1.05072 

25 

36 

-85710 

1.16672 

.88784 

1.12633 

.91955 

1.08749 

4)5229 

1.05010 

24 

37 

.85761 

1.16603 

.88836 

1.12567 

.92008 

1.08686 

.95284 

1/54949 

23 

38 

.85811 

1.16535 

.83883 

1. 12501 

.92062 

1.08622 

4>5340 

1.04888 

22 

39 

.85862 

X. 16466 

.88940 

I.I 243 S 

.92116 

1.08559 

‘95395 

1/54827 

21 

40 

.85912 

1.16398 

.88992 

1.12369 

.92170 

1.08496 

4)5451 

Z/54766 

20 

41 

.85963 

1.16329 

.89045 

1. 12303 

.92224 

1.08432 

.95506 

1/54705 

^9 

43 

.86014 

1.16261 

•89097 

1.12238 

.92277 

1.08369 

•95562 

1/54644 

18 

43 

.86064 

1.16192 

.89149 

1.12173 

.92331 

1.08306 

4)5618 

1/54583 

17 

44 

-86115 

1.16124 

.89201 

1.12x06 

•9238s 

1.08243 

4)5673 

1/54522 

16 

45 

.86166 

1.16056 

.89253 

1.12041 

•92439 

1.08179 

.95729 

1.04461 

15 

46 

.86216 

1-15987 ' 

.89306 

1.1197s 

I .92493 

I.08116 

•95785 

I.0440Z 

14 

47 

.86267 

1.15919 

-89358 

1-11909 

.92547 

1.08053 

•95841 

1.04340 

13 

48 

.86318 

1.15851 

.89410 

1.1x844 

.92601 

1.07990 

4)5897 

1/54279 

12 

49 

.86368 

1.15783 

.89463 

1.11778 

.92655 

1.07927 

4)5953 

Z/54318 

11 

50 

.86419 

1-1571S 

.89515 

1.11713 

4 ? 270 p 

X.07864 

.96008 

1/54158 

xo 

SI 

.86470 

1.15647 

.89567 

1.11648 

.92763 

1.07801 

.96064 

X.04097 

9 

S 3 

-86521 

1.15579 

.89620 

I.XI5S3 

.92817 

1.07738 

.^120 

1/54036 

8 

53 

.86572 

I.IS 5 II 

.8^72 

1.11517 

4)2872 

1.07676 

.^176 

1/53976 

? 

54 

.86623 

1.15443 

.8972 s 

1.11452 

.92926 

1.07613 

4)6232 

1.03015 

0 

55 

.86674 

I.I 537 S 

.89777 

1.11387 

.92980 

1.07550 

4)62^ 

I/538SS 

5 

S6 

.86725 

1.15308 

.8^30 

1.X1321 

.93034 

1.07487 

•96344 

i /)3794 

4 

57 

.86776 

1. 1 5240 

.89883 

Z.XX356 

.930W 

3.0742s 

4)6400 

X />3734 

8 

58 

.86827 

X.15173 

.89935 

X.ZXX91 

.93143 

1/57362 

.96457 

1/53674 

2 


-86878 

1.15104 

.899^ 

1.11126 

•93197 

X.07299 

4)6513 

X/> 36 i 3 

X 

60 

.86929 

1.15037 

.90040 

1.XZ06X 

•93358 

1.07237 

4)6569 

l/) 3 SS 3 

0 


Co-tan 

Tan. 

Co-TAN. 

Tan. 

Co-TAN., 

Tan. 

Co-TAN. 

Tan. 




49® i 

48 ® I! 


r® 

46 ® » 
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Table 21. — Natural Tangents and Cotangbnts- 
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Table 22. — Natural Versines and External Secants 


M. 

0“ 

1° i 

2 

0 

3° 

M. 


Vers. 

Exsec. 

Vers. 

Exsec. 1 

Vers. 

Exsec. 

Vers. 

Exsec. 


o 

. IXJOCJO 

.00000 

.00015 

.00015 


.00061 

.00061 

.00137 

.00137 

0 

1 

000 

(X >0 

016 

016 


062 

062 

139 

139 

X 

2 

000 

000 

016 

016 


063 

063 

140 

140 

3 

3 

000 

000 

017 

017 


064 

064 

142 

142 

3 

4 

000 

000 

017 

017 


065 

065 

143 

143 

4 

5 

. 00000 

. CXX )00 

. ootJi8 

.00018 


.ooo(>6 

.00066 

.00145 

.00145 

5 

6 

000 

000 

0x8 

018 


067 

067 

146 

147 

6 

7 

000 

000 

019 

019 


068 

068 

148 

148 

7 

8 

OfK) 

000 

020 

020 


069 

069 

149 

150 

8 

9 

000 

000 

020 

020 


070 

070 

151 

151 

9 

lO 

. 00000 

. 00000 

. 00021 

.00021 


.00071 

.00072 

.00153 

.00153 

xo 

II 

001 

001 

021 

021 


073 

073 

1.54 

155 

IX 

12 

001 

001 

022 

022 


074 

074 

156 

156 

X 2 

13 

001 

001 

023 

023 


075 

075 

1.58 

158 

13 

14 

ex')! 

001 

023 

023 


076 

076 

159 

159 

14 

i,*> 

. OtX)OI 

. eXXK) 1 

. 00024 

.00024 


.00077 

.00077 

.00161 

.ooibi 

15 

ifa 

00 1 

o<n 

024 

024 


078 

078 

162 

163 

x 6 

17 

001 

001 

025 

025 


079 

079 

164 

164 


i 8 

001 

001 

026 

026 


081 

oSi 

166 

166 

x 8 

19 

002 

002 

026 

026 


082 

082 

167 

168 

ig 

20 

. tK>002 

. (XXX )2 

.00027 

.00027 


. 000S3 

. 00083 

.00169 

.00169 

20 

21 

002 

002 

028 

028 


084 

084 

171 

171 

ax 

32 

002 

002 

028 

028 


085 

085 

173 

173 

33 

*3 

002 

002 

029 

029 


087 

087 

174 

175 

33 

24 

002 

002 

030 

030 


088 

08S 

176 

176 

*4 


.ooo(J3 

.00003 

.00031 

.00031 


.00089 

.00089 

.00178 

.00178 

*5 

26 

003 

003 

031 

031 


090 

090 

179 

180 

36 

27 

003 

003 

032 

032 


091 

091 

J8l 

182 


28 

003 

003 

033 

033 


093 

093 

183 


38 

29 ! 

004 

004 

034 

034 


094 

094 

185 

185 

39 

30 

.00004 

.00004 

.00034 

.00034 


.00095 

.00095 

.00187 

.00187 

30 

3 " 

004 

004 

035 

035 


096 

097 

188 

189 

31 

32 

004 

004 

036 

036 


0^ 

098 

190 

190 

3a 

33 

0(>5 

005 ! 

037 

037 

1 

099 

099 

192 

192 

33 

34 

005 

005 

037 

037 


100 

100 

194 

.00196 

194 

34 

35 

.00005 

.00005 

.00038 

.00038 


.00102 

.00102 

.00196 


36 

005 

005 

039 

039 


103 

103 

197 

198 

36 

37 

oo(j 

o<^ 

040 

040 


104 

106 

104 

199 

200 

37 

38 

006 

006 

041 

041 


106 

201 

201 

38 

39 

006 

006 

041 

041 


107 

107 

203 

203 

39 

-40 

.00007 

.00007 i 

.00042 

.00042 


.00108 

.0O108 

.00205 

.00205 

40 

41 

007 

CK ?7 i 

043 

043 


110 

110 

207 

208 

207 

41 

42 

007 

007 

008 

044 

044 


III 

III 

209 

4a 

43 

008 

045 

045 


112 

113 

210 

211 

43 

44 

008 

008 

046 

046 


1 14 

114 

212 

213 

44 

4 ^ 

.00009 

.00009 

- .00047 

.00047 


.00115 

.00115 

.00214 

.00215 


46 

009 

009 

048 

048 


117 

117 

216 

2i6 

46 

47 

009 

009 

048 

048 


118 

118 

218 

218 


48 

010 

010 

049 

049 


119 

120 

220 

220 

48 

49 

010 

010 

050 

050 


121 

121 

222 

222 

49 

50 

.00011 

.00011 

.00051 

.00051 


. 00122 

.00122 

.00224 

.00224 

50 

51 

oil 

on 

052 

052 


124 

124 

226 

226 

51 

52 

on 

on 

053 

053 


125 

125 

228 

228 

5a 

53 

012 

012 

054 

054 


127 

127 

230 

230 

53 

54 

55 

012 

012 

055 

055 


128 

128 

232 

232 

54 

.00013 

.00013 

.00056 

.00056 


.00130 

.00130 

.00234 

.00234 


56 

013 

013 

057 

057 


131 

131 

236 

236 

50 

5 Z 

014 

014 

058 

058 i 


133 

133 

238 

238 


53 

U 



014 

015 

014 

015 

059 

060 




134 

136 

.240 

242 

240 

242 

58 

IS 

.00015 

.00015 

.00061 

.00061 

L 

.00137 

.00137 

.oo;244 

.00244 


Copyrishted by C. Frank Allen. Used by permission. 
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Table 22 . — Natural Versines and External Secants- 
(Continued) 


M. 

4 


c 

.0 

e 




M. 

Vers. 

Bxsec. 

Vers. 

Kxsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 


o 

.00244 

.00244 

.00381 

.00382 

.0054S 

.00551 

.00745 

.00751 

0 

X 

246 

246 

383 

385 

ksi 

554 

749 

755 

1 

3 

248 

248 

386 

387 

554 

557 

752 

758 

2 

3 

250 

250 

388 

390 

557 

560 

756 

782 

3 

4 

252 

252 

391 

392 

560 

5 f >3 

760 

765 

4 

5 

.0025A 

. 00254 

.00393 

-00395 

.00563 

. oo5h6 

.00763 

. 00769 

5 

6 

256 

257 

396 

397 

566 

569 

767 

773 

6 

7 

258 

259 

398 

400 

569 

573 

770 

776 

7 

8 

260 

261 

401 

403 

572 

576 

774 

7 So 

8 

9 

262 

263 

404 

405 

576 

579 

778 

784 

9 



.00265 

267 

.00406 

409 

.00408 

411 

.00579 

5H2 

.00582 

585 

.00781 

785 

. 00787 

10 

XX 

266 

791 

II 

13 

269 

269 

4 T 2 

413 

585 

588 

7S9 

795 

12 

13 

271 

271 

414 

416 

588 

592 

792 

799 

13 

14 

273 

274 

417 

419 


595 

796 

802 

14 

15 

.00275 

.00276 

.00420 

.00421 

.00594 

. 0059S 

.00800 

. 00S06 

^5 

x6 

277 

278 

422 

424 

598 

601 

803 

810 

x6 

17 

279 

280 

425 

427 

601 

604 

807 

813 


x8 

281 

282 

428 

429 

604 

608 

8ii 

817 

x8 

19 

284 

284 

430 

4 v 32 

607 

6ii 

814 

821 

19 

30 

.00286 

.00287 

.00433 

.00435 

.00610 

.00614 

.00818 

. 00825 

20 

3 X 

288 

289 

436 

438 

614 

617 

822 

82S 

21 

33 

290 

291 

438 

440 

617 

621 


832 

22 

33 

292 

293 

441 

443 

620 

624 

829 

836 

23 

34 

295 

296 

444 

446 

623 

627 

833 

840 

24 

«5 

.00297 

.00298 

.00447 

.00449 

.00626 

.00630 

.00837 

. 00844 


36 

299 

300 

449 

451 

630 

634 

840 

848 

26 


301 

302 

452 

454 

633 

637 

844 

851 


a8 

304 

306 

305 

455 

457 

636 

640 

848 

855 

28 

39 

307 

458 

460 

640 

644 

852 

859 

29 

30 

.00308 

.00309 

.00460 

.00463 

,00643 

.00647 

.00856 

.00863 

30 

31 

311 

312 

4^3 1 

485 

468 

646 

650 

859 


31 

33 

313 

ill 

466 

649 

(>54 

863 

871 

33 

33 

315 

469 

471 

653 

657 

867 

875 

33 

34 

317 

318 

472 

474 

656 

660 

871 

878 

34 

3 § 

35 

.00320 

.00321 

.00474 

.00477 

480 

.00659 

.00664 

.00875 

.00882 

36 

322 

323 

320 

477 

663 

667 

878 

886 

36 

3 Z 

324 

4H0 

482 

606 

671 

882 

890 

37 

3 « 

327 

328 

483 

485 

488 

669 

674 

886 

894 

38 

39 

329 

330 

486 

673 

677 

890 


39 * 

40 

.00332 

.00333 

.00489 

.00491 

* .00676 

.00681 

. 00894 

.00902 

40 

41 

334 

336 

335 

492 

494 

680 

684 

898 

906 

41 

43 

337 

494 

497 

683 

686 

688 

902 

910 

4a 

43 

339 

340 

497 

500 

691 

906 

914 

43 

44 

341 

342 

500 

503 

690 

695 

909 

918 

! 44 


.00343 

340 

.00345 

347 

.00503 

506 

.00506 

509 

.00693 

697 

.00698 

701 

.00913 

917 

.00922 

926 



348 

349 

509 

512 

700 

705 

921 

930 


48 

351 

352 

512 ' 

5^5 

703 

708 

925 

934 

48 

49 

353 

354 

515 ; 

518 

707 

712 

929 

938 

49 

50 

.00356 

.00357 

.00518 

.00521 

.00710 

.00715 

•00933 

.00942 

50 

51 

II! 

359 

521 

524 

714 

719 

937 

946 

51 

53 

362 

524 

527 

717 

722 

941 

950 

5a 

S 3 

363 

364 

527 

530 

721 

726 

945 

954 

958 

.00962 

53 

54 

55 

.o 4 i 

367 

.00369 

530 ; 

.00533 

533 

.00536 

724 

.00728 

730 

949 

54 





dv 

56 

370 

372 

536 

539 

731 

737 

957 

966 

56 

52 

373 

374 

539 

542 

735 

740 

961 

970 


5*1 

i 

377 

542 

545 

738 

744 

965 

975 

58 

g 

379 

1 545 

.00548 

548 

743 

747 

969 

979 


.00381 

.00382 

.00551 

.00745 

.00751 

.00973 

.00983 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M. 

8° 

Vers. [ Exsec. 

! s 

1 Vers. 

)° 

Exsec. 

I 

Vers. 

0° 

Exsec. 

I 

Vers. 

1° 

Exsec. 

M. 

0 

.00973 

.00983 

.01231 

.01247 

.01519 

.01543 

.01837 

.01872 

0 

X 

977 

987 

236 

251 

524 

548 

843 

877 

X 

3 

981 

991 

240 

256 

529 

553 

848 

883 

2 

3 

9«5 

995 

245 

261 

534 

558 

854 

889 

3 

4 

989 

909 

249 

265 

539 

564 

860 

895 

4 

5 

. <Xjq 94 

.OlOCM 

-01254 

. 01 270 

.01545 

.01569 

.01865 

.01901 

5 

6 

998 

008 

259 

275 

550 

574 

871 

906 

6 

7 

. 01002 

012 

263 

279 

555 

579 

876 

912 

7 

8 

006 

016 

268 

2H4 

560 

585 

882 

918 

8 

9 

010 

020 

272 

289 

565 

590 

888 

924 

9 

lO 

. 01014 

. 01024 

. 01277 

, 01294 

. 01570 

. 01595 

. 01893 

. 01930 

xo 

XI 

018 

029 

282 

298 

575 

6ui 

899 

936 

XX 

X 3 

022 

033 

286 

303 

580 

606 

904 

941 

X 2 

13 

027 

037 

291 

308 

586 

6ii 

910 

947 

13 

14 

031 

041 

296 

313 

591 

616 

916 

953 

14 

15 

. 01035 

.01046 

.01300 

.01317 

.01596 

.01622 

.01921 

.01959 

^5 

l6 

039 

050 

305 

322 

6or 

627 

927 

965 

16 


043 

054 

310 

327 

606 

633 

933 

971 


x8 

047 

059 

314 

332 

61 1 

638 

939 

977 

x8 

19 

052 

063 

319 

337 

617 

643 

944 

983 

19 

30 

.01056 

.01067 

.01324 

.01342 

.01622 

. 01649 

, 01950 

.01989 

20 

31 

060 

071 

329 

346 

627 

654 

956 

995 

2 X 

23 

064 

076 

333 

351 

632 

659 

961 

.02001 

22 

23 

069 

oSo 

338 

356 

638 

665 

967 

007 

23 

24 

073 

0H4 

343 

361 


670 

973 

013 

24 


.01077 

.01089 

.01348 

.01366 

.01648 

.01676 

. 01979 

.02019 


26 

081 

093 

352 

371 

653 

681 

984 

025 

26 

n 

086 

097 

357 

376 

659 

687 

990 

031 


38 

090 

102 

362 

381 

664 


996 

037 

28 

29 

094 

106 

3^>7 

386 

669 

698 

.02002 

043 

29 

30 

.01098 

.OIIII 

.01371 

.01391 

.01675 

.01703 

.02008 

.02C49 i 

30 

31 

103 

1 15 

376 

395 

680 

709 

013 

055 

31 

32 

107 

X19 

3 «i 

400 

685 

714 

019 

061 

32 

33 

III 

124 

386 

405 

690 

720 

025 

067 

33 

34 

n6 

128 

391 

410 

696 

725 

031 

073 

34 


.01120 

.01133 

.01396 

.01415 

.01701 

.01731 

.02037 

.02079 

35 

30 

124 

137 

400 

420 

706 

736 

042 

085 

36 


129 

142 

405 

425 

712 

742 

048 

091 

37 

38 

133 

146 

410 

430 

717 

747 

054 

097 

38 

39 

137 

151 

415 

435 

723 

753 

060 

103 

39 

40 

.01142 

.01155 

.01420 

. 01440 

.01728 

.01758 

.02066 

.02110 

40 

41 

146 


425 

445 

733 

764 

072 

116 

41 

42 

151 

164 

430 

450 

739 

789 

078 

122 

42 

43 

155 

169 

435 

455 

744 

775 

084 

128 

43 

44 

159 

173 

439 

460 

750 

781 

090 

134 

44 


.01164 

.01178 

.01444 

. 01466 

.01755 

.01786 

.02095 

.02140 

^5 

46 

168 

182 

449 

471 

760 

792 

lOI 

146 

46 


173 

187 

454 

476 

766 

798 

107 

153 


48 

177 

191 

459 

481 

771 

803 

113 

159 

48 

49 

182 

196 

464 

486 

777 

809 

119 


49 

50 

.01186 

.01200 

.01469 

. 0x491 

. 01782 

.01815 

.02125 

.02171 

50 

51 

191 

205 

474 

496 

788 

820 

131 


5 * 

52 

395 

209 

479 

501 

793 

826 

137 

184 

52 

53 

200 

214 

484 

506 

799 

832 

143 

190 

53 

54 

204 

219 

489 

512 

804 

?37 

149 

196 

54 


.01209 

.01223 

.01494 

.01517 

.01810 

.01843 

•02155 

.02203 

55 

56 

213 

228 

499 

522 


849 

161 

209 

56 


218 

233 

504 

527 

821 


167 

215 


58 

222 

237 

1 509 

532 

826 

860 

173 

221 

58 


227 

242 

514 

537 

832 

866 

179 

228 

59 

60 

.01331 

,01247 

.0x5x9 

.01543 

.01837 

.01872 

.02185 

.02234 

60 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M 

Vers. 

12° 

Exsec. 

Vers. 

Exsec. 

j Vers. 

14° 

j Exsec. 

Vers. 

Exsec. 

M. 

0 

X 

3 

3 

4 

5 

6 

1 
9 

10 

11 

12 
13 
M 

11 

17 

x8 

19 

30 

31 
33 

33 

34 

ll 

37 

38 

39 

30 

31 
33 

33 

34 

ll 

37 

38 

39 

40 

41 
43 

43 

44 

ll 

% 

49 

50 

51 
!i 3 

5 3 

54 

n 

IS 

.02185 

197 

203 

209 

.02216 

222 

228 

234 

240 

. 02246 
252 
258 
265 
271 
.02277 
283 
289 

295 

302 

.02308 

3 M 

320 

327 

333 

•02339 

345 

352 

358 

364 

.02370 

377 

383 

389 

396 

.02402 

408 

415 

421 

427 

.02434 

440 

447 

453 

459 

.02466 

472 

479 

485 

492 

.02498 

504 

511 

517 

524 

.02530 

537 

543 

550 

556 

.03563 

. 02234 
240 
247 

253 

259 

.02266 

272 

279 

2S5 

291 

. 02298 

304 

311 

317 

323 

.02330 

336 

343 

349 

356 

. 02362 

369 

375 

382 

388 

.02395 

402 

408 

415 

421 
. 02428 
435 
441 
448 
454 
.02461 
468 
474 
481 
488 
.02494 

508 

515 

521 

.02528 

535 

542 

548 

555 

.02562 

569 

576 

582 

589 

•“I0I 

610 

617 

624 

.02630 

. 02563 

570 

576 

583 

589 

. 02596 
602 
609 
616 
622 

.02629 

635 

642 

649 

655 

. 02662 
669 

675 

682 

689 

.02696 

702 

709 

716 

722 

.02729 

736 

743 

749 

75 ^ 

.02763 

770 

777 

783 

790 

.02797 

804 

8n 

818 

824 

.02831 

838 

845 

852 

859 

.02866 

873 

880 

887 

894 

.02900 

907 

914 

921 

928 

•02935 

942 

949 

.02970 

. 02630 

637 
644 
651 
658 
. 02665 
672 
079 
686 
693 

.02700 

707 

714 

721 
728 
.02735 
742 
749 
756 
7 t >3 
. 02770 
777 
784 
791 
799 
.02806 

813 

820 

827 

834 

.02842 

849 

856 
863 
876 
. 02878 
885 
892 
899 

907 

.02914 

921 

928 

936 

943 

.02950 

958 

965 

972 

980 

.02987 

994 

,03002 

009 

017 

.03024 

032 

039 

046 

054 

.03061 

. 02970 
977 

985 

992 

999 

.03006 

013 

020 

027 

034 

. 0304 1 
04S 

053 

063 

070 

.03077 

084 

091 

098 

106 

.03113 

120 

127 

134 

142 

.03149 

156 

163 

I7I 

178 

•03185 
193 
200 
207 
214 
. 03222 
229 
236 
244 

251 

.03258 

266 

273 

. 281 
288 
.03295 

303 

310 

318 

325 

.03333 

340 

347 

355 

362 

.03370 

377 

385 

392 

400 

.03407 

,03061 
069 
076 
084 
091 
. 03099 
106 
114 
121 
129 

.03137 

144 

152 

159 

167 

.03175 

182 

190 

197 

205 

.03213 

220 

228 

236 

244 

.03251 

259 

267 

275 

282 

.03290 

298 

306 

313 

321 

I .03329 
337 
345 
353 
360 

.03368 

376 

384 

392 

400 

.03408 

416 

424 

432 

439 

.03447 

455 

403 

471 

479 

.03487 

495 

503 

511 

520 

.03528 

■ 03407 
415 

422 

430 

43S 

.03445 

4.53 

460 

46S 

476 

•03483 

491 

498 

506 

514 

.03.521 

529 

537 

544 

552 

• 03560 
5^7 
575 

583 

590 

.03598 

606 
614 
621 
629 
. 03657 

645 

6.53 

660 
66S 
. 03676 
684 
692 
699 

707 

.03715 

723 

731 

739 

747 

.037.54 

762 

770 

778 

786 

.03794 

802 

810 

818 

826 

•03834 

842 

850 

858 

866 

.03874 

. 03528 
536 
544 
552 
560 
. 03568 
576 
584 
592 
601 
.03609 
617 
625 

633 

642 
. 03650 
658 
666 
674 
683 

.03691 
699 
708 
716 
724 
• 03732 
741 
749 
758 
766 

.03774 

783 

791 

799 

808 

.03816 

825 

842 

850 

.03858 
, 867 

875 

884 

892 

.03901 

909 

918 

927 

935 

.03944 

952 

969 

978 

.03987 

995 

.04004 

013 

021 

. 04030 1 

0 

1 

2 

3 

4 

5 

6 

i 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 X 

22 

23 

24 

25 

26 

29 

30 

31 

33 

33 

34 

35 

36 

37 

38 

39 

40 

41 

43 

43 

44 

ll 

49 

50 

51 

53 

53 

54 

P 

i\ 
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Table 22 . — Natural Versines and External Secants — 
{Continued) 


M. 

16° 

Vers, 1 Exsec. 

1 ^ 
1 Vers. 

7 ° 

Exsec. 

I 

Vers. 

8° 

Exsec. 

1 

1 Vers. 

9 ° 

Exsec. 

M. 

o 

. 03S74 

. 04030 

^ .04370 

.04569 

. 04894 

•05146 

.05448 

.05762 

0 

I 

8H2 

039 

378 

578 

903 

156 

458 

773 

I 

2 

890 

047 

387 

588 

912 

166 

467 

783 

2 

3 

898 

056 

395 

597 

92 » 

176 

477 

794 

3 

4 

906 

o <>5 

404 

606 

930 

186 

4 86 

805 

4 

i 

1 

9 

.03914 

922 

930 

938 

946 

• 04073 

0S2 

091 

JOO 

108 

.04412 

42X 

429 

438 

446 

.04616 

625 

635 

644 

653 

.04939 

948 

957 

967 

976 

.05196 

206 

216 

226 

236 

. 05496 

505 

515 

524 

534 

.05815 

826 

836 

847 

858 

1 

1 

9 

lO 

• 03954 

.04117 

•04455 

. 04663 

.04985 

.05246 

. 05543 

- 05869 

10 

II 

9^3 

126 

1 404 

672 

994 

256 

553 

879 

11 

12 

971 

135 

472 

682 

.05003 

206 

562 

890 

12 

13 

979 

144 

481 

691 

012 

276 

572 

901 

13 

M 

9.S7 

152 

489 

700 

021 

286 

582 

911 

14 

15 

. 03995 

.04101 

. 04498 

.04710 

. 05030 

.05297 

• 05591 

.05922 

15 

i 6 

. 04003 

170 

507 

719 

039 

307 

601 

933 

x 6 

17 

on 

179 

515 

729 

048 

317 

610 

944 

17 

i 8 

019 

188 

524 

738 

057 

327 

620 

955 

x 8 

19 

028 

197 

533 

748 

067 

337 

630 

965 

19 

20 

. 04036 

. 04206 

.04541 

.04757 

.05076 

.05347 

• 05639 

.05976 

20 

21 

044 

214 

550 

767 

085 

357 

649 

987 

21 

22 

052 

223 

559 

776 

094 

367 

658 

998 

22 

23 

060 

232 

567 

786 

103 

378 

66 S 

.06009 

23 

24 

069 

241 

576 

795 

I12 

388 

678 

020 

24 


.04077 

. 04250 

. 04585 

, 04805 

.05122 

.05398 

.05687 

.06030 

a.*) 

26 

085 

259 

593 

815 

131 

408 

697 

041 

26 

27 

093 

268 

602 

824 

140 

418 

707 

052 

37 

28 

102 

277 

611 

834 

149 

429 

716 

063 

a8 

29 

no 

286 

620 

843 

15S 

439 

726 

074 

29 

30 

.04118 

. 04295 

. 04628 

.04853 

. 05168 

.05449 

• 05736 

.06085 

30 

31 

126 

304 

037 

863 

177 

460 

746 

096 

31 

33 

135 

313 

646 

872 

186 

470 

755 

107 

33 

33 

143 

322 

655 

882 

195 

480 

765 

118 

33 

34 

151 

331 

66»3 

891 

205 

490 

775 

129 

34 

35 

•04159 

.04340 

.04672 

.04901 

.05214 

.05501 

.05785 

.06140 

35 

36 

168 

349 

681 

911 

223 

51 1 

794 

151 

30 

32 

176 

358 

690 

920 

232 

521 

804 

162 

37 

38 

184 

367 

699 

930 

242 

532 

814 

173 

38 

39 

193 

376 

707 

940 

251 

542 

824 

184 

39 

40 

.04201 

• 04385 

.04716 

. 04950 

.05260 

.05552 

•05833 

.06195 

40 

41 


394 

725 

959 

270 

563 

843 

206 

41 

43 

403 

734 

969 

270 

288 

573 

853 

217 

43 

43 

226 

413 

743 

979 

584 

863 

228 

43 

44 

234 

422 

752 

989 

298 

594 

873 

239 

44 


. 04243 

.04431 

.04760 

.04998 

.05307 

. 05604 

. 05882 

.06250 


46 

251 

440 

769 

.05008 

316 

615 

892 

261 

46 

47 

260 

449 

778 

018 

326 

625 

902 

272 

47 

48 

268 


787 

028 

335 

636 

912 

283 

48 

49 

276 

468 

796 

038 

344 

646 

922 

295 

49 

50 

I .04285 

.04477 

.04805 

.05047 

.05354 

.05657 

.05932 

.06306 

50 

51 

293 

486 

814 

057 

363 


942 

317 

51 

53 

302 

495 

823 

067 

373 

678 

951 

328 

53 

53 

310 

504 

832 

077 

382 

688 

961 

339 

53 

54 

319 

514 

841 

087 

391 

699 

971 

.06|S 

373 

54 

li 

.04327 

336 

.04523 

532 

.04850 

858 

.05097 

107 

.05401 

410 

.05709 

720 

.05981 

991 

P 

32 

344 

541 

867 

116 

420 

730 

,06001 

384 


58 

353 

55 ^ 

876 

885 

126 

429 

741 

on 

395 

58 

g 

361 

560 

136 

439 

751 

021 

407 

g 

.04370 

.04569 

.04894 

.05146 

.05448 

.05763 j 

.06031 

.06418 
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Table 22 . — Natural Versijstes and External Secants — 
{Continued) 


M 

2 

Vers. 

0° 

Exsec. 

21 ° 

Vers, j Exsec. 

2 

1 Vers. 

2° 

Exsec. 

2 

Vers. 

3 ° 

Exsec. 

M. 

o 

,060^1 

. 06418 

. 06642 

.07114 

j .07282 

.07853 

. 07950 

.08936 

0 

X 

041 

429 

652 

126 

! 293 

866 

961 

649 

X 

3 

051 

440 

663 

138 

303 

879 

972 

693 

3 

3 

061 

452 

673 

.. 150 

! 3x4 

892 

9S4 

676 

3 

4 

071 

463 

684 

162 

! 325 

9 CJ 4 

995 

690 

4 

5 

.06081 

.06474 

. 06694 

.07174 

! .07336 

.07917 

. o8ck)6 

. 08703 

5 

O 

091 

486 

705 

186 

j 347 

930 

018 

717 

6 

7 

101 

497 


199 

1 358 

943 

029 

730 

7 

8 

III 

508 

726 

211 

369 

955 

041 

744 

8 

9 

121 

520 

736 

223 

! 380 

968 

052 

757 

9 

lO 

.06131 

.06531 

.06747 

- 07235 

i .07391 

.07981 

. 0S064 

.08771 

10 

XX 

141 

542 

757 

247 

i 402 

994 

075 

784 

n 

IS 

151 

554 

768 

259 

1 4x3 

.08006 

0S6 

798 

12 

13 

161 

565 

778 

271 

I 424 

019 

098 

81 1 

13 

14 

171 

577 

789 

283 

1 435 

032 

109 

825 

14 

IS 

.06181 

. 06588 

.06799 

.07295 

j ,07446 

.08045 

.08121 

. 08839 


x 6 

191 

600 

810 

307 

457 

058 

132 

852 

16 

17 

201 

611 

820 

320 

408 

071 

144 

866 

17 

x 8 

211 

62- 

831 

332 

479 

0S4 

155 

880 

18 

19 

221 

634 

841 

344 

1 A^P 

097 

167 

B93 

19 

30 

.06231 

.06645 

.06852 

. 07356 

i .07501 

.08109 

,08178 

. 08907 

20 

3 X 

241 

657 

863 

3^*8 

512 

122 

190 

920 

2 X 

33 

252 

668 

873 

380 

523 

^35 

201 

934 

22 

33 

262 

680 

884 

393 

534 

148 

213 

948 

23 

24 

272 

691 

894 

405 

545 

16 1 

225 

962 

24 


.06282 

.06703 

.06905 

.07417 

.07556 

.08174 

. 08236 

. 08075 


30 

292 

715 

916 

429 

568 

187 

248 

989 

26 


302 

726 

926 

442 

579 

200 

259 

. 09003 

27 

38 

3x2 

73H 

937 

454 

5 P 

213 

271 

017 

28 

39 

323 

749 

948 

466 

601 

226 

282 

030 

29 

30 

.06333 

.06761 

.06958 

.07479 

.07612 

.08239 

.08294 

.09044 

30 

31 

343 

773 

969 

491 

623 

252 

306 

058 

31 

33 

353 

784 

980 

503 

634 

265 

317 

072 

32 

33 

363 

796 

990 

516 

645 

278 

329 

086 

33 

34 

374 

807 

,o 7 ocji 

52S 

657 

291 

340 

099 

34 


.06384 

.06819 

.07012 

.07540 

.07668 

.08305 

.08352 

.09113 


36 

394 

831 

022 

553 

679 

31S 

364 

127 

36 


404 j 

842 

033 

565 

690 

331 

375 

14 1 


38 

415 

854 

044 

578 

701 

344 

3S7 

155 

38 

39 

425 

866 

055 

590 

713 

357 

399 i 

169 

39 

40 

.06435 

.06878 

.07065 

.07602 

.07724 

.08370 

.08410 

.09183 

40 

41 

445 

889 

076 

615 

735 1 

383 

422 

197 

41 

43 

456 

901 

087 

627 

746 

397 

434 

21 1 

42 

43 

466 

913 

098 

640 

757 

4x0 

445 

224 

43 

44 

476 

925 

108 

652 

769 1 

423 

457 

238 

44 


.06486 

.06936 

.07119 

.07665 

.07780 

.08436 

.08469 

.09252 ^ 

45 

46 

497 

948 

130 

677 

791 

449 

4S1 

2W 

46 


507 

960 

141 

690 

802 

463 

492 

280 


48 

517 

972 

X51 

702 

814 

476 

504 

294 

48 

49 

528 

984 

162 

715 

825 j 

489 

516 

308 

49 

50 

.06538 

.06995 

.07173 

.07727 

.07836 

.08503 

.08528 

-09323 

50 

51 

548 

.07007 

184 

740 

848 

516 

539 

337 

1 51 

52 

559 

019 

195 

752 

859 

529 

551 

351 

53 

53 

569 

031 

206 

765 

870 

542 

563 

365 

53 

54 

580 

043 

216 

778 

881 

556 

575 

1 379 

54 


.06590 : 

.07055 

.07227 

.07790 

.07893 

.08569 

.08586 

! .09393 

55 

P 

600 ! 

067 

238 

803 

904 

582 

598 

40T 

56 


611 

079 

249 

816 

9x5 

596 

610 

421 

57 

58 

621 

091 

360 

828 

927 

609 

622 

435 

58 


632 

103 

271 

841 

938 

623 

634 

449 

59 

60 

.06642 

.07114 

.07282 

.07853 

.07950 

.08636 

.08645 

. 09464 

1 
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Table 22. — Natural Versi>’^b.s and External Secants — 
{Continued) 


M. 

2 i 

Vers. 

Exsec. 

25° 

Verb, j Exsec. 

2 ( 

Vers. 

5 ^ 1 

Exsec. ! 

2; 

Vers. 

Exsec. 

M. 

o 

. 08645 

. 09464 

■ 093^^9 

• 10338 

.10121 

, 11260 

. 10800 

. 12233 

0 

I 

657 

47^^ 

3 ,S 2 

353 

133 

276 

913 

249 

1 

2 

6hQ 

492 

39 1 

308 

146 

202 

920 

206 

2 

3 

68 r 

506 

406 

383 

159 

3 (^ 

939 

283 

3 

4 

693 

520 

418 

398 

172 

323 

952 

209 

4 

5 

. 0S705 

. ‘^9535 

.09431 

.10413 

. 10184 

.11339 

. ioo*\S 

. 12316 

5 

b 

717 

549 

443 

428 

197 

353 

970 

333 

6 

7 

728 

5<\3 

455 

443 

210 

371 

992 

319 

7 

8 

740 

577 

4 68 

458 

223 

387 

. 1 1005 

366 

8 

9 

752 

592 

480 

473 

230 

403 

010 

3«3 

9 

lO 

. 0S764 

. 09606 

. 09403 

. 10488 

. 10248 

.11419 

. 1 1032 

. 12400 

10 

11 

776 

620 

505 

503 

201 

435 

045 

4 16 

11 

12 

788 

635 

5^7 

5*8 

274 

451 

058 

433 

13 

13 

800 

C49 

530 

533 

287 

407 

072 

450 

13 

M 

812 

683 

512 

519 

300 

483 

085 

467 

14 

15 

.08824 

, 09 <> 7 S 

• 09554 

. 10504 


.I 14 S *9 

. 11098 

. 12484 

15 

lb 


692 

5' >7 

579 

515 

1 12 

501 

16 

17 

848 

707 

579 

594 

338 

531 

125 

5*8 

17 

i8 

860 

721 

592 

6(->9 

351 

5'17 

138 

534 

18 

19 

872 

735 

604 

625 

364 

563 

152 

551 

19 

20 

.0SSS4 

. 09750 

.09617 

. 10640 

. 10377 

. 11579 

. 11165 

. 12568 

20 

21 

Sl;6 

7<>4 

6,>g 

655 

3 ‘-io 

595 

178 

585 

21 

22 

QoS 

779 

642 

670 

403 

6ii 

192 

602 

22 

23 

920 

793 

^>54 

686 

416 

627 

205 

619 

23 

24 

932 

8o8 

666 

7(:»i 

429 

643 

21S 

636 

24 

25 

.08914 

.09822 

.09670 

. 10716 

. 10442 

. 11659 

. 11232 

. i 2*’53 


20 

950 

«37 

691 

731 

455 

675 

245 

670 

26 

27 

9(18 

851 

704 

747 

408 

6<>r 

259 

687 

27 

28 

9S0 

806 

716 

762 

481 

708 

272 

704 

28 

29 

992 

880 

729 

777 

494 

724 

285 

721 

29 

30 

.09004 

. 09895 

.09741 

. 10703 

. 10507 

. I 1740 

. 11299 

. 1273S 

30 

31 

016 

909 

754 

808 

520 

75 *’ 

312 

755 

31 

32 

028 

924 

767 

824 

533 

772 

326 

772 

33 

33 

040 

939 

779 

839 

546 

7S9 

339 

789 

33 

34 

052 

953 

792 

854 

559 

805 

.11821 

353 

807 

34 

35 

. 09064 
076 

. 09968 

. 09804 

. 10870 

. 10572 

. ii3(>6 

. 1 2824 


36 

982 

817 

885 

585 

838 

380 

841 

36 

37 

0S9 

997 

829 

901 

598 

854 

393 

858 


38 

lOl 

. 10012 

842 

916 

611 

870 

407 

875 

38 

39 

113 

026 

854 

932 

624 

886 

420 

892 

39 

40 

1 .09125 

. 1004 I 

. 09867 

. 10947 

.10637 

.11903 

.11434 

. 12910 

40 

41 

i 137 

056 

8S0 

9^'3 

650 

919 

447 

927 

41 

42 

1 149 

071 

892 

978 

663 

936 

461 

944 

42 

43 

161 

085 

905 

994 

676 

952 

474 

961 

43 

44 

174 

100 

918 

. ii<xi9 

689 

968 

488 

979 

44 

45 

: .09186 

.10J15 

.09930 

. I 1025 

. 10702 

.11985 

.11501 

. 12996 

45 

46 

198 

130 

943 

041 

715 

. 12001 

515 

. 13013 

46 


210 

144 

955 

056 

728 

018 

528 

031 


48 

222 

159 

908 

072 

741 

034 

542 

048 

48 

49 

234 

174 

981 

087 

755 

051 

555 

065 

49 

50 1 

.09247 

. 10189 

. 00903 

.11103 

. 10768 

. 12067 

.11569 

. 13083 

50 

51 

259 

204 

. T0006 

119 

7 «i 

083 

583 

100 

51 

52 

271 

218 

019 : 

134 

794 

807 

100 

596 

I17 

52 

53 

283 

233 

032 ! 

150 

117 

610 

135 

53 

54 

296 

248 

044 

166 

820 

133 

623 

152 

54 

55 i 

.09308 

. 10263 ! 

.10057 

.11181 

.10833 ! 

. 12150 

.11637 

. 13170 

55 

56 

320 

278 

070 

197 

847 i 

i(^ 

651 

187 

56 

57 

332 

293 

082 : 

213 

860 1 

183 

664 

205 

52 

58 

345 

357 

.09369 

308 

323 

. 10338 

095 

108 

,10I2i 

229 

244 

.X1260 

.10899 

199 
216 
, 12233 

678 

692 

.11705 

222 

239 
. 13257 

58 

11 
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Table 22. — Natural Versines and External Secants — 

{Continued) 


M. 

28° 

29° 

i 30° 

31° 

M. 


Vers. 

Exsec. 

Vers. 

Exsec. 

I Vers. 

Exsec. 

Vers. 

Exsec. 


o 

. 11705 

. 13257 

. 12538 

. 14335 

. 13397 

. 15470 

. 14283 

. 16663 

0 

I 

719 

275 


354 

4 J 2 

489 

298 

684 

I 

2 

733 

292 

506 

372 

427 

509 

313 

704 

2 

3 

746 

310 

580 

391 

441 

528 

328 

725 

3 

4 

7f lO 

327 

594 

409 
. 14428 

456 

548 

343 

745 

4 

5 

.11774 

. 13345 

. I26oq 

. 13470 

. 15567 

. 14358 

.16766 

5 

6 

7S7 

362 

623 

446 

485 

587 

373 

786 

0 

7 

801 

3S0 

637 

465 

499 

606 

388 

806 

7 

8 

815 

3<^^8 

651 

483 

5 H 

626 

403 

827 

8 

9 

828 

415 

665 

502 

529 

645 

418 

848 

9 

lO 

. 11S42 

.13433 

. 12679 

. 14521 

. 13543 

. 15663 

. 14433 

. iu868 

xo 

n 

856 

451 

694 

539 

558 

6S4 

449 

889 

IX 

12 

870 

4r>8 

708 

558 

573 

704 

464 

909 

12 

13 

883 

4 86 

722 

579 

587 

724 

479 

930 

13 

14 

8 q 7 

5^14 

736 

595 

602 

743 

494 

950 

14 

15 

. 1 jgii 

. 13521 

. 12750 

. 14614 

. 13616 

. 15763 

• 14509 

. 16971 

15 

16 

925 

539 

7 <J 5 

632 

631 

782 

524 

992 

x6 

17 

93 -^ 

557 

779 

651 

646 

802 

539 

. 17012 


18 

952 

575 

793 

670 

660 

822 

554 

033 

x8 

19 

9C.6 

593 

807 

689 

675 

84 T 

569 

054 

19 

20 

. 11980 

. 13610 

. 12822 

. 14707 

. 136^10 

. 15861 

. 14584 

. 17075 

20 

21 

9^4 

628 

836 

726 

705 

88 1 

599 

095 

21 

22 

. 12007 

646 

850 

745 

719 

901 

615 

1 16 

22 

23 

021 

664 

8^)4 

764 

734 

9 -?o 

630 

137 

23 

24 

035 

682 

879 

782 
. 14801 

749 

940 

645 

158 

24 


. 12049 

. 13700 

. 12893 

. 13763 

. 15960 

. 14660 

.17178 


ao 

o (\3 

718 

907 

820 

778 

980 

675 

199 

26 

27 

077 

733 

921 

839 

793 

. 16000 

Oqo 

220 


28 

Oq \ 

753 

936 

858 

808 

019 

706 

241 

28 

ag 

104 

771 

950 

877 

822 

039 

721 

262 

29 

30 

. 12118 

. 137^9 

. 12964 

, 14896 

. 13837 

. 16059 

. 14736 

. 17283 

30 

31 

132 

807 

979 

Q14 

852 

079 

751 

304 

31 

33 

146 

825 ! 

9^>3 

933 

8(.7 

099 

7()6 

325 

3 * 

33 

ite 

843 i 

. 13007 

952 

88 1 

119 

782 

346 

33 

34 

174 

86 r ! 

022 

971 

896 

139 

797 


34 

35 

. 12188 

.13879 ' 

. 13036 

. 149<)0 

.13911 

. 16159 

. 14812 

35 

30 

202 

897 ! 

051 

. 15009 

920 

179 

827 

409 

36 

37 

216 

915 j 

o 3>5 

028 

941 

199 

843 

430 

37 

38 

230 

934 

070 

047 

955 

219 

858 

451 

38 

39 

244 

952 

094 

0^ 

970 

239 

873 

472 

39 

40 

. 12257 

. 13970 

. 13108 

. 15085 

. 13985 

. 16259 

. 14888 

■ 17493 

40 

41 

271 

988 

122 

105 

. 14000 

279 

904 

514 

41 

43 

285 

. 14006 

137 

124 

015 

299 

919 

535 

42 

43 

299 

024 

151 

143 

030 

319 

934 

556 

43 

44 

313 

042 

166 

162 

044 

339 

949 

577 

44 


. 12327 

. 14061 

. 131S0 

. 15181 

. 14059 

. 16359 

• 14965 

. 17598 


46 

341 

079 

195 

200 

074 

380 

980 

620 

46 


355 

097 

209 

219 

089 

400 

995 

641 


48 

, 369 

115 

223 

239 

104 

420 

. 1501 I 

662 

48 

49 

1 383 

134 

238 

258 

119 

1 440 

026 

683 

49 

50 

. 12397 

.14152 

.13252 

. 15277 

.14134 

. 16460 

. 15041 

.17704 

50 

51 

411 

170 

267 

296 

149 

481 

057 

726 

5 * 

53 

425 

188 

281 

315 

164 

501 

Ty 

747 

52 

53 

439 

207 

296 

335 

179 

521 

768 

53 

54 

,124^ 

225 

310 

354 

194 

541 

103 

790 

54 


. 14243 

262 

• 13325 

. 15373 

. 14208 

. 16562 

.15118 

.17811 

55 

56 

482 

339 

393 

223 

&l 

134 

832 

56 

52 

496 

280 

m 

412 

23S 

149 

854 

57 

58 

510 

299 

1 431 

m 

623 

164 


58 

IS 

S 24 

1 317 

383 

451 

643 

180 

IS 

.12538 

.14335 

• 13397 

•15470 

• 14283 

.16663 

.15195 

. 17918 
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Tabt.e 22. — Natural. Versines and External Secants — 

{Continued) 


M. 

32 ° 

0 

CO 

CO 

34 ^ 

35° 

M. 


1 Vers. 

Exsec. 

Vers. 

Exaec. 

Vera. 

Exsec. 

Vers. 

Exsec. 


o 

• 15195 

.17918 

■ 16133 

. 19236 

.17096 

. 20622 

. 18085 

.22077 

0 

I 

21 I 

939 

140 

239 

113 

645 

101 

102 

1 

2 

226 

961 

1 165 

281 

129 


1 18 

127 

2 

3 

241 

982 

181 

304 

145 

693 

135 

152 

3 

4 

257 

. 18004 

196 

327 

i 6 r 

717 

152 

177 

4 

S 

• 15272 

. 18025 

. 16212 

. 19349 

.17178 

. 20740 

.1S16S 

. 22202 

5 

b 

28S 

047 

228 

372 

194 

764 

185 

227 

6 

7 

303 

068 

244 

394 

210 

788 

202 

252 

7 

B 

319 

090 

260 

417 

227 

812 

218 

277 

8 

9 

334 

111 

276 

440 

243 

836 

235 

302 

9 

lO 

. -15350 

. 18133 

. 16292 

. 19463 

• 17259 

. 20859 

. 18252 

. 22327 

10 

IX 

3^\5 

155 

308 

485 

276 

S83 

269 

352 

II 

Z 2 

1 3 «i 

176 

324 

508 

292 

907 

286 

377 

12 

13 

396 

198 

340 

531 

308 

931 

302 

402 

13 

14 

4 T 2 

220 

355 

553 

325 

955 

319 

42S 

14 

15 

15427 

. 18241 

. 16371 

. 19576 

•17341 

. 2 CX 979 

. 18336 

. 22453 


ib 

4-43 

263 

387 

599 

357 

. 21 <X )3 

353 

478 

16 

17 

45 « 

285 

403 

622 

374 

027 


503 


x8 

474 

307 

419 

645 

390 

051 

386 

528 

x8 

19 

1 489 

328 

435 

668 

407 

075 

403 

554 

19 

20 

. 15505 

. 18350 

. 16451 

.19691 

♦ 17423 

.21099 

. 18420 

. 22579 

20 

21 

520 

372 

467 

713 

439 

123 

437 

604 

2X 

22 

536 

394 

483 

736 

456 

147 

454 

629 

22 

23 

552 

416 

499 

759 

472 

171 

470 


33 

24 

5^7 

437 

515 

782 

489 

195 

487 

680 
. 22706 

24 

^5 

. 15583 

. 18459 

. 16531 

. 19805 

• 17505 

.21220 

. 18504 

25 

26 

598 

481 

547 

828 

522 

244 

521 

731 

26 

27 

614 

503 

563 

851 

538 

268 

538 

756 

27 

28 

630 

525 

579 

874 

554 

292 

555 

28 

29 

645 

547 

595 

897 

571 

316 

572 

29 

30 

. i 5 <i<''i 

. 18569 

. 16511 

. 19920 

. 17587 

.21341 

. 13588 

. 22833 

30 

31 

(>76 

591 

627 

944 

604 

365 

605 

858 

31 

32 

692 

613 

644 

967 

620 

389 

622 

884 

33 

33 

708 

635 

660 

990 

637 

414 

639 

909 

33 

34 

723 

657 

676 

.20013 

653 

438 

656 

935 

34 

35 

• 15739 

. 18679 

. 16692 

.20036 

. 17670 

. 21462 

. 18673 

.22960 

35 

36 

755 

701 

708 

059 

686 

487 

690 

986 

36 

37 

770 

723 

724 

083 

703 

511 

707 

, 23012 

32 

38 

786 

745 

740 

106 

719 

535 

560 

724 

037 

38 

39 


767 

756 

129 

736 

741 

063 

39 

40 

. 15818 

. 18790 

. 16772 

.20152 

. 17752 

. 21584 
609 

. 18758 

. 23089 

40 

41 

833 

812 

788 

176 

769 

775 

114 

41 

43 

849 

834 

805 

199 

786 

633 

792 

140 

43 

43 


1 856 

821 

222 

802 

658 

682 

809 

166 

43 

44 

880 

878 

837 

246 

819 

826 

192 

44 

45 

. 15896 

. 18901 

• 16853 

. 20269 

. 17835 

.21707 

. 18843 

.23217 

45 

46 

912 

923 

869 

292 

852 

731 

860 

243 

46 

47 

928 

945 

885 

316 

868 

756 

877 

269 


48 

943 

967 

902 

339 

885 

78: 

894 

295 

48 

49 

959 

990 

918 

363 

902 

805 

911 

321 

49 

50 

. 15975 

. 19012 

.16934 

,20386 

. 17918 

.21830 

. 18928 

.23347 

50 

51 

991 

034 

950 

410 

935 

855 

945 

373 

51 

53 

. 16006 

057 

966 

433 

952 

879 

962 

398 

53 

53 

022 

079 

983 

% 

9^ 

904 

979 

424 

53 

54 

038 

102 

9^>9 

985 

929 

996 

450 

54 

55 

. 16054 

.19124 

. 17015 

.20504 

. 18001 

. 21953 

.19013 

.23476 


56 

070 

146 

031 

527 

018 

978 

030 

502 

SO 

57 

085 

169 

047 

551 

035 

,22003 

047 

064 

529 


58 

101 

191 

064 

575 

051 

028 

555 

il 

1 

. 16133 


080 

.17096 

598 

.20622 

068 

.18085 

053 

081 

.19098 


IS 

. 19236 

, 22077 

.33607 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M. 

36 ° 

Vers. I Exsec. 

3 

Vers. 

7 ° 

Exsec. 

2 

Vers. 

^8® 

Exsec. 

Vers. 

19 ^ |m. 

Exsec. 

0 

. 19098 

.23607 

. 20136 

.25214 

.21199 

. 26902 

, 22285 

. 28676 0 

I 

115 

633 ! 

154 

241 

217 

931 

304 

706 1 

2 

133 

659 

171 

269 

235 

960 

322 

737 2 

3 

150 

685 

189 

296 

253 

988 

340 

767 3 

4 

167 

7 fi 

207 

324 

271 

. 27017 

359 

797 4 

5 

. 19184 

. 23738 

. 20224 

.25351 

. 21289 

. 27046 

. 22377 

. 28828 5 

6 

201 

764 

242 

379 

3.06 

075 

395 

858 6 

1 

218 

790 

259 

406 

324 

104 

414 

889 7 

8 

235 

816 

277 

434 

342 

133 

432 

919 8 

9 

252 

843 

294 

462 

360 

162 

450 

951 ' 9 

10 

. 19270 

. 23869 

. 20312 

.25489 

. 21378 

,27191 

. 22469 

. 28980 10 

11 

287 

895 

329 

517 

396 

221 

487 

.29011 XI 

X2 

304 

922 

347 

545 

414 

250 

506 

042 12 

13 

321 

948 

365 

572 

432 

279 

524 

072 13 

14 

33H 

975 

382 

600 

450 

308 

.542 

103 M 

15 

. J 935 ('’ 

. 24001 

i .20400 

. 25628 

. 21468 

.27337 

. 22561 

. 29133 15 

16 

373 

028 

417 

"656 

486 

366 

579 

164 16 

17 

390 

054 

435 

683 

504 

396 

598 

195 *7 

z8 

407 

oHi 

453 1 

711 

522 

425 

616 

226 x8 

19 

424 

107 

470 , 

739 

540 

454 

634 

256 19 

20 

■ J9442 

.24134 

. 20488 

.25767 

. 21558 

. 27483 

. 22653 

. 29287 20 

2 Z 

459 

160 

1 506 

795 

576 

513 

671 

318 21 

22 

476 

187 

i 523 

823 

595 

542 

690 

349 23 

33 

493 

213 

541 

851 

613 

572 

708 

380 23 

34 

511 

240 

559 

879 

631 

6or 

727 

411 34 

*§ 

. 1952H 

. 24207 

. 20576 

.25907 

.21649 

. 27630 

. 22745 

. 29442 25 

26 

545 

293 

594 

935 

667 

6<^ 

764 

473 36 


562 

320 

612 

9<'^3 

685 

689 

7<S2 

504 27 

28 

580 

347 

629 

991 

703 

719 

801 

535 28 

29 

597 

373 

647 

. 26019 

721 

748 

819 

566 2g 

30 

. 19614 

. 24400 

. 20665 

.26047 

.217.39 

. 27778 

. 22838 

. 29597 30 

31 

632 

427 

682 

075 

757 

807 

856 

628 31 

33 

649 

454 

700 

104 

775 

837 

875 

659 32 

33 

b66 

481 

718 

132 

794 

867 

893 

690 33 

34 

684 

508 

736 

l6o 

812 

896 

912 

721 34 

35 

, 19701 

. 24534 

.20753 

.261S8 

. 21830 

. 27926 

. 22930 

. 29752 35 

36 

718 

561 

771 

216 

848 

956 

949 

7S4 36 i 

37 

736 

588 

789 

245 

866 

985 

967 

815 37 I 

30 

753 

615 

807 

273 

884 

. 28015 

986 

846 38 

39 

770 

642 

824 

301 

902 

045 

.23004 

877 39 

40 

. 19788 

. 24669 1 

. 20842 

.26330 

. 21921 

.28075 

. 23023 

.29909 40 

41 

^5 

696 ' 

8fe 

358 

939 

105 

041 

940 41 

43 

822 

723 

878 

387 

957 

134 

060 

971 42 

43 

840 

750 

895 

415 

975 

164 

079 

• 30003 43 

44 

857 

777 

913 

443 

993 

194 

097 

034 44 

*♦§ 

. 19875 

.24804 

.20931 

.26472 

.22012 

. 28224 

! .23116 

. 30066 45 

46 

892 

832 1 

949 

500 

030 

254 

134 

097 46 


909 

859 1 

967 

529 

048 

284 

153 

129 47 

48 

927 

886 i 

984 

557 

066 

314 

172 

160 48 

49 

944 

913 1 

.21002 

586 1 

084 

344 

190 

192 49 


30223 50 

*§5 51 
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Table 22 . — Natural Verstnes and Extp:rnal SpjrANTS — 
{Continued) 


M. 

0 

0 

It 41° 

1 42° 

0 

CO 

M. 


VoTiZ. 

Exsec. 

1 Vers. 

Exsec. 

1 Vers. 

1 Exsec. 

Vers. 

Exsec. 


o 

.23396 

. 3054 r 

• 24529 

.32501 

. 25686 

.34563 

. 26865 

• 36733 

0 

I 

414 

573 

548 

535 

705 

599 

884 

770 

807 

I 

2 

433 

605 

567 

568 

724 

634 

9 <H 

2 

3 

452 

636 

5K6 

602 

744 

669 

924 

844 

3 

4 

470 

668 

605 

636 

7(^3 

704 

9 'H 

88 1 

4 

5 

. 234H9 

. 30700 

• 246-^5 

. 32669 

• 25783 

.34740 

, 2691)4 

-36019 

5 

6 

508 

732 

644 

703 

802 

775 

984 

956 

b 

7 

527 

764 

663 

737 

822 

811 

. 27004 

993 

7 

8 

545 

796 

682 

770 

841 

S46 

024 

. 37030 

8 

9 

564 

829 

701 

804 

86j 

882 

043 

068 

9 

lO 

• 235S3 

. 30861 

. 24720 

.32838 

. 258S0 

• 34917 

• 27063 

.37105 

10 

XI 

602 

893 

739 

872 

900 

953 

083 

143 

XX 

12 

620 

925 

759 

905 

920 

988 

103 

180 

Z2 

13 

639 

957 

778 

939 

939 

.3.5024 

123 

218 

13 

14 

658 

9S9 

797 

973 

959 

060 

143 

255 

14 

15 

. 23677 

. 31022 

. 24816 

.33007 

.25978 

. 35095 

. 27103 

• 37293 

15 

ID 

696 

054 


041 

998 

131 

183 

330 

xb 

17 

714 

086 

854 

075 

.26017 

167 

203 

368 


z8 

733 

119 

874 

109 

037 

203 

223 

406 

18 

19 

752 

151 

893 

143 

056 

238 

243 

443 

19 

20 

. 23771 

.31183 

.24912 

.33177 

.26076 

• 35274 

. 27263 

. 37481 

20 

21 

790 

216 

931 

211 

096 

310 

283 

519 

2 X 

22 

808 

248 

950 

245 

115 

346 

303 

556 

22 

33 

827 

281 

970 

279 

135 

382 

323 

594 

23 

34 

846 

313 

989 

314 

154 

418 

343 

632 

24 

35 

. 23865 

.31346 

. 25008 

. 33348 

. 26174 

.35454 

. 27363 

. 37670 

35 

26 

884 

378 

027 

382 

194 

490 

383 

708 

26 

27 

9<’3 

411 

047 

416 

213 

526 

403 

746 


28 

922 

443 

066 


233 

562 

423 

784 

28 

39 

941 

476 

085 

4 % 

253 

598 

443 

822 

ag 

30 

.23959 

.31509 

. 25104 

.33519 

. 26272 

.35634 

. 27463 

.37860 

30 

31 

978 


124 


292 

670 

483 

898 

31 

32 

997 

574 

III 

588 

312 

707 

503 

936 

32 

33 

. 24016 

607 

622 

331 

743 

523 

974 

33 

34 

035 

640 

182 

657 

351 

779 

543 

.38012 

34 

35 

35 

. 24054 

.31672 

. 25201 

.33691 

.26371 

.35815 

• 27563 

.38051 

36 

073 

705 

220 

726 

390 

852 

583 

0^ 

36 

% 

092 

738 

240 

760 

410 

888 

603 

127 

32 

III 

771 

804 

259 

795 

430 

924 

623 

165 

38 

39 

130 

278 

830 

449 

961 

643 

204 

39 

40 

• 24149 

•31837 

. 25297 

.33864 

.26469 

.35997 

. 27663 

. 38242 

40 

41 

168 

870 

317 

8c>9 

489 

.36034 

683 

280 

41 

42 

187 

903 

336 

934 

P 

070 

703 

319 

42 

43 

206 

936 

356 

968 

107 

723 

357 

43 

44 

225 

969 

375 

.34003 

548 

^143 

743 

396 

44 

45 

.24244 

.32002 

. 25394 

.34038 

.26568 

.36180 

. 27764 

. 38434 

‘♦I 

46 

262 

035 

414 

073 

587 

217 

784 

804 

473 

46 

47 

281 

068 

433 

10^ 

607 

253 

512 

42 

48 

300 

101 

452 

142 

627 

290 

824 

550 

48 

49 

320 

134 

472 

177 

647 

327 

844 

589 

49 

50 

-24339 

. 32168 

.25491 

.34212 

.26667 

.36363 

.27864 

.38628 

50 

51 

358 

201 

5^1 

247 

686 

400 

884 

666 

5 * 

53 

377 

234 

530 

282 

706 

437 

905 

705 

52 

53 

396 

267 

549 

317 

726 

474 

925 


53 

54 

415 

301 


353 


511 

.36548 

945 

.27965 

985 

54 

si 

.24434 

453 



.34387 

423 

. 20706 

P 

,38822 

860 

i 

57 

472 

401 

627 

458 

622 

.28005 


32 

58 

491 

434 

468 

.32501 

647 

.34563 


659 

026 

58 

g 

510 

.24529 

666 

.25686 


696 

.36733 

046 

.28066 

977 

.39016 

g 
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Table 22, — Natural Versustes and External Secants — 
{Continued) 


44° I 45° 46° 47° M.l 


M, 

Vers. 

j Exsec. 

I Vers. 

0 

Exsec. 

j Vers. 

KJ 

j Exsec. 

I Vers. 

/ M. 

Exsec. 

0 

. 28066 

.39016 

. 29289 

.41421 

. 30534 

. 43956 

. 31800 

. 46628 0 

z 

oSb 

055 

316 

463 

555 

999 

821 

674 I 

2 

106 

095 

330 

504 

576 

.44042 

843 

719 2 

3 

127 

334 

351 

545 

597 

086 

864 

7 f >5 3 

4 

147 

173 

372 

580 

618 

T29 

885 

811 4 

5 

. 28167 

.39212 

,29392 

.41027 

. 30639 

.44173 

.31907 

•46857 5 

6 

187 

251 

413 

669 

660 

217 

928 

903 6 

7 

208 

291 

433 

710 

681 

260 

949 

949 7 

8 

228 

330 

454 

752 

•J02 

304 

971 

995 8 

9 

248 

369 

475 

793 

723 

347 

9c^2 

.47041 g 

10 

. 28268 

■39409 

•29495 

.41835 

.30744 

.44391 

.32013 

.47087 1 C 

II 

289 

448 

516 

876 

765 

435 

035 

134 II 

12 

309 

487 

537 

918 

786 

479 

056 

180 12 

13 

329 

527 

557 

959 

807 

523 

077 

226 13 

14 

350 

566 

578 

. 42001 

828 

567 

099 

272 14 

15 

. 28370 

• 39^6 

. 29599 

. 42042 

.30849 

.44610 

.32120 

.47319 15 

z6 

390 

646 

619 

084 

870 

654 

141 

365 16 

17 

410 

685 

640 

126 

891 

698 

163 

411 17 

18 

431 

725 

661 

168 

912 

7^2 

184 

458 18 

19 

451 

764 

681 

209 

933 

787 

205 

504 19 

20 

.28471 

.39804 

. 29702 

. 4 i25l 

.30954 

.44831 

. 32227 

.47551 20 

21 

492 

844 

723 

293 

975 

875 

248 

598 21 

22 

512 

884 

743 

335 

996 

919 

270 

644 22 

23 

532 

924 

764 

377 

.31017 

963 

291 

691 23 

34 

553 

963 

785 

419 

038 

.45007 

312 

738 24 

25 

i 28573 

.40003 

.29805 

.42461 

. 31059 

.45052 

. 32334 

.47784 35 

26 

593 

043 

826 

503 

080 

096 

355 

831 26 

27 

614 

083 

847 

545 

101 

141 

377 

878 27 

28 

634 

123 

868 

587 

122 

185 

398 

925 28 

29 

655 

163 

888 

630 

143 

229 

420 

972 39 

30 

.28675 

. 40203 

.29909 

.42672 

.31165 

.45274 

.32441 

.48019 30 

31 

695 

243 

930 

714 

186 

319 

462 

066 31 

33 

716 

283 

951 

756 

207 

363 

484 

113 32 

33 

736 

324 

971 

799 

228 

408 

505 

160 33 

34 

757 

364 

992 

841 

249 

452 

527 

207 34 

35 

.28777 

. 40404 

.30013 

.42883 

.31270 

.45407 

.32548 

.48254 35 

30 

T^l 

444 

034 

926 

291 

542 

570 

301 36 


818 

485 

054 


312 

587 

591 

349 37 

38 

838 

525 

075 

.43011 

334 

631 

613 

396 38 

39 

859 

565 

096 

053 

355 

676 

634 

443 39 

40 

.28879 

.40606 

.30117 

.43096 

.31376 

.45721 

.32656 

. 48491 40 

41 

900 

646 


139 

397 

7(>6 

677 

538 41 

43 

920 

687 

158 

181 

418 

811 

699 

586 42 

43 

941 

727 

179 

224 

439 

856 

720 

633 43 

44 

961 

768 

200 

267 

461 

901 1 

742 

6^1 44 


.28981 

.40808 

.30221 

.43309 

.31482 

. 45946 

.32763 

.48728 45 

46 

.29002 

849 

242 

352 

503 

992 

785 

776 46 


022 

890 

263 

305 

524 

.46037 

806 

824 47 

48 

043 

930 

283 

43 ^ 

545 

082 

828 

871 48 

49 

063 

971 

304 

481 

566 

127 

849 

919 49 

50 

.29084 

.41012 

.30325 

.43524 

.31588 

.46173 

.32871 

.48967 50 

5 * 

104 

053 

346 

567 

609 

218 

893 

.49015 51 

53 

125 

093 


610 

630 

263 

914 

063 53 

53 


134 

388 

653 

651 

309 

936 

111 53 

54 

ito 

175 

409 

6^ 

673 

354 

957 

159 54 


.29187 

.41216 

.30430 

•43739 

.31694 

.46400 

.32979 

.49207 55 

56 

207 

257 

451 


715 

445 

.33001 

255 56 

St 

228 

298 

471 

826 

736 

491 

022 

303 57 

58 

248 

339 

492 

869 

758 


044 

351 58 


2to 

380 

513 

912 

779 

582 

065 

399 50 

to 

.29289 

.41431 

.30534 

•43956 

.31800 

.46628 

.33087 

.49448 to 

’ 
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Tablk 22 . — Natural Versintes and Fxter.val Secants — 
{Continue.^) 


k 

0 

00 

1 49° 

50° 

II 51 *" 

' M. 

i 

Vers. 

1 Exsec. 

1 Vers. 

j Exsec. 

Vers. 

j Exocc. 

t Vers. 

Exsec. 

! 

o 


. 494'18 

• 34304 
416 

. 52425 

.35721 

. 55572 

1 .37068 

. 58902 

0 

I 

109 

406 

476 

74 J 

(: '6 

0<)I 

959 

I 

3 

no 

544 

4^8 

527 

j('ih 

(.■80 

113 

. 59016 

2 

3 

^Ti-- 

59 ^ 

460 

579 

738 

810 

731 

i>>6 

073 

3 

4 

173 

Oji 

482 

930 

780 

158 

130 

4 


.33195 

. 496 <k> 

. 34504 

.52981 

.35833 

. 55 ^ 1 ^ 

.37181 

.59188 

5 

6 

2;7 

738 

787 

526 

732 

8'^5 

807 

204 

245 

6 

7 

?33 

548 

784 

877 

9.1 

226 

302 

7 

8 

2^0 

835 

570 

835 

CKK) 

. 56005 

249 

360 

8 

9 

2S2 

884 

592 

886 

922 

060 

272 

418 

9 

lO 

. 33303 


.34614 

. 5293^ 

• 35944 

.56114 

- 37294 

.59475 

10 

II 

325 

98 1 

6-;6 

989 

<167 

169 

317 

533 

11 

12 

347 

. 50030 

6.^8 

.53041 

9S9 

223 

340 

590 

12 

13 

368 

079 

680 

092 

.3601 r 

27H 

362 

648 

X 3 

M 

390 

128 

702 

144 

034 

332 

385 

706 

14 

15 

•33412 

.50177 

. 34724 

.53196 

. 36056 

.56387 

. 37408 

. 59764 

X 5 

ib 

434 

226 

746 

247 

07S 

442 

430 

822 

16 

17 

455 

275 

76S 

2()9 

lOI 

497 

453 

8S0 

17 

i8 

477 

324 

790 

812 

351 

X 23 

551 

476 

938 

18 

19 

499 

373 

403 

146 

6o<) 

4 y« 

996 

xg 

20 

. 33520 

.50422 

.34834 

.53455 

.36168 

.56661 

. 37521 

.60054 

20 

21 

542 

471 

8s6 

507 

UK) 

716 

544 

112 

21 

22 

5^54 

521 

878 

559 

213 

771 

567 

171 

22 

23 

586 

570 

900 

611 

235 

826 

589 

229 

23 

34 

607 

619 

923 

663 

258 

88 1 

612 

287 

24 

35 

• 33629 

• 50669 

• 34945 

.53715 

. 36280 

.56937 

.37635 

. 60346 

25 

2b 

651 

718 

91)7 

768 

302 

992 

658 

404 

2b 


673 

I7j 

! 989 

820 

325 

.57047 

680 

463 

“2 

28 

694 

716 

i .35011 

872 

347 

103 

703 

521 

28 

39 

866 

033 

924 

370 

15S 

726 

580 

29 

30 

. 33738 

. 50916 

. 35 <i 55 

. 53977 

. 36392 

.57213 

.37749 

.60639 

30 

31 

760 

966 

077 

. 54029 

415 

269 

771 

6t)8 

31 

33 

7S2 

.51015 

099 

082 

437 

324 

794 

756 

32 

33 

803 

o (>5 

122 

134 

460 

3S0 

817 

815 

33 

34 

825 

115 

144 

187 

482 

436 

840 

874 

34 

35 

•33847 

.51165 

.35166 

. 54240 

. 36504 

.57491 

. 37862 

. 60933 

35 

36 

809 

215 

188 

292 

527 

547 

8S5 

9^12 

36 

37 

891 

265 

210 

345 

549 

603 

908 

,61051 

37 

38 

912 

314 

232 

398 

572 

659 

931 

III 

38 

39 

934 

364 

254 

451 

594 

715 

954 

170 

39 

40 

• 33956 

.51415 

. 35277 

. 54504 

.36617 

.57771 

• 37976 

.61229 

40 

41 

978 

465 

2‘^ 

557 

939 

827 

999 

288 

41 

43 

.34000 

515 

321 

610 

6b2 

883 

.38022 

348 

43 

43 

022 

565 

343 

663 

684 

939 

045 

407 

43 

44 

044 

615 

365 

716 

707 

995 

068 

467 

44 


•34065 

! . 5161^5 

.35388 

.54769 

.36729 

.58051 

.38091 

.61526 

45 

46 

087 

716 

410 

822 

752 

108 

1 13 

586 

46 


109 

766 

432 

876 

775 

164 

X36 

646 

47 

48 

131 

817 

454 

476 

929 

797 

221 

159 

705 

48 

49 

153 

867 

982 

820 

277 

182 

765 

49 

50 

•34175 

.5x918 

• 35499 

.55036 

. 36842 

.58333 

. 38205 


50 

51 

197 

968 

521 

089 

865 

390 

228 

8S5 

51 

53 

219 

.51019 

543 

143 

887 

447 

251 

, 945 

52 

53 

2 AI 

069 

565 

196 

910 

503 

274 

. 62005 

53 

54 

262 

126 

588 

250 

,932 

560 

296 

065 

54 

55 

.34284 

.52171 

• 35610 

.55303 

.36955 

.58617 

.38319 

.62125 

55 

56 

306 

222 

632 

.357 

978 

674 

342 

185 

56 


328 

273 

654 

4x1 

.37000 

731 

365 

246 

52 

58 

350 

323 

677 

465 

023 

788 

388 

3^ 

58 

II 

372 

374 

.35721 

518 

045 

845 

.58902 

41 1 
.38434 

366 

.62427 

12 

60 

.34394 

.52425 

.55572 

.37068 
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Table 22 . — Natural Versustes and External Secants — 
{Continued) 


M. 

52° 

Vers, j Exsec. 

53° 

j Vers. 1 Exsec. 

5 

Vers. 

4° 

Exsec. 

55 ° 

Vers. 1 Exsec. 

M. 

o 

. 3S434 

.62427 

! .39818 

.66164 

j 

.41221 

.70130 

.42642 

. 74345 

0 

I 

457 

487 

.548 

842 

22H 

245 

1 98 

6()6 

417 

1 

2 

4S0 

865 

292 

269 

267 

690 

490 

9 

3 

s 503 

609 

888 

357 

292 

335 

714 

502 

3 

4 

i 

526 

. 3 ‘^ 54 c^ 

571 

669 
. 62730 
7 <V 

91 1 
. 39035 

958 

421 
. 66486 

550 

316 

.41359 

363 

403 

. 70472 
540 

738 

.42702 

7‘^5 

635 

. 74708 
781 

4 

1 

7 

594 

852 

981 

615 

386 

609 

S09 

854 

7 

8 

617 

9'3 

.40005 

679 

410 

677 

833 

927 

8 

9 

640 

974 

028 

744 

433 

746 

857 

.75000 

9 

lO 

.38663 

• 63035 

.40051 

. 66809 

.41457 

• 70815 

.42881 

• 75073 

10 

11 

686 

CK)b 

074 

873 

48 1 

884 

905 

146 

11 

12 

709 

157 

C).)8 

938 

504 

953 

929 

219 

12 

13 

732 

218 

121 

. 67003 

528 

.71022 

953 

293 

366 

13 

M 

755 

279 

144 

o()8 

551 

091 

976 

14 

^5 

. 3S778 

.63341 

. 40168 

.67133 

. 41575 

. 71160 

. 43000 

.75440 

^5 

i6 

801 

402 

KO 

J98 

599 

229 

024 

513 

10 

17 

824 

464 

214 

264 

622 

29S 

048 


17 

i8 

847 

525 

237 

3?9 

646 

368 

072 


x8 

19 

870 

587 

261 

394 

670 

437 

096 

734 

*9 

20 

• 38893 

.63648 

. 40284 

. 67460 

.41693 

.71506 

.43120 

. 7580S 

90 

21 

qi6 

710 

1 307 

5^5 

717 

576 

144 

882 

21 

22 

9.39 

772 

834 

j 331 

591 

740 

646 

168 

9 v 56 

22 

23 

962 

1 354 

6s6 

764 

715 

192 

. 76031 

23 

24 

985 

^ 895 

1 37 « 

722 

788 

785 

216 

105 

24 


. 39009 

. 63057 

1 .40401 

.677S8 

.41811 

.7185s 

. 43240 

.76179 

*1 

26 

032 

.64019 

! 424 

853 

835 

925 

264 

253 

26 

27 

055 

oSi 

i 448 

919 

859 

995 

287 

328 

27 

28 

078 

J 44 

1 471 

985 

882 

. 72 of >5 

311 

402 

28 

29 

loi 

206 

! 494 

.68051 

906 

135 

335 

477 

29 

30 

.30124 

.64268 

.40518 

.68117 

.41930 

. 72205 

.43359 

•’"if? 

30 

31 

147 

330 


183 

953 

275 

383 

31 

32 

170 

393 

.564 

250 

977 

346 

407 

701 

33 

33 

193 

455 

58a 

316 

.42001 

416 

431 

776 

33 

34 

216 

518 

611 

382 

024 

, 487 

455 

851 

34 


.39239 

. 64580 

• 40635 

.68449 

. 4204H 

* 72557 

.43479 

. 76926 

35 

30 

262 

643 

6s8 

515 

072 

6 28 

503 

. 77001 

36 

37 

286 

705 

682 

5H2 

0^ 

698 

527 

077 


38 

309 

768 

705 

648 

119 

769 

551 

152 

38 

39 

332 

831 

728 

715 

143 

840 

575 

227 

39 

40 

• 39355 

. 64804 

. 40752 

, 687S2 

.42167 

.729TT 

•43599 

• 77303 

40 

41 

378 

^ 957 

775 

848 

I9t> 

982 

623 

378 

41 

42 

401 

. 65020 

700 

915 

214 

: . 73053 

647 

454 

4a 

43 

424 

083 

822 

982 

238 

124 

671 

530 

43 

44 

447 

146 

846 

.69049 

262 

195 

695 

606 

44 


! .39471 

. 65209 

. 4oS6t) 

.69116 

.42285 

. 73267 

. 43720 

.77681 


40 

1 494 

272 

892 

183 

309 

338 

744 

768 

757 

46 


1 517 

335 

916 

250 

333 

409 

833 

47 

48 

540 

3‘>9 

939 

318 

357 

481 


910 

48 

49 

; 563 i 

462 

963 

385 

381 

552 

816 

986 

49 

50 

i .39586 

.65526 

. 40986 

.69452 

.42404 

. 73624 

.43840 

. 78062 

50 

51 

610 

589 

.41010 

520 

428 

696 

864 

138 

51 

52 

633 

653 

033 

587 

452 

76R 

888 

4215 

5a 

53 

656 

717 

057 

655 

476 

840 

9x2 

291 

53 

54 

679 


080 

, 733 

499 

911 

936 

368 

54 


.39702 

726 

•65844 

908 

.41104 

127 

.69790 

1 858 

.42523 

547 

.73983 
* 74056 

.43960 

^4 

.78445 

521 

|i 


749 


151 

926 

571 

128 

.44008 

598 

57 

58 

12 

772 

i .39818 

.66036 

100 

.66164 

174 

198 

.41321 

m 

.70062 

.70130 

595 

619 

.42642 

200 

272 

•74345 

032 

057 

.44081 

675 

752 

. 78829 

58 
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Table 22. — Natural Versines akd External Secants — 
{Continued) 


M. 

56° 1 

57 ° i 

0 

00 

10 

59° 

M. 


Vers. 

Exsec. 

Vers. 

Exsec. 

1 Vers. 

Exsec. 

Vers. 

Exsec. 


o 

.440R1 

. 78829 

- 45536 

. 83608 

. 4700S 

. 88 70S 

. 4R496 

. 94160 

0 

X 


906 

560 

6(;o 

033 

796 

521 

254 

X 

2 

129 

984 

585 

773 

057 

884 

54 f> 

349 

3 

3 

153 

. 79 <^ 6 i 

609 

855 

082 

972 

571 

443 

3 

4 

177 

138 

634 

938 

107 

. R<)o6o 

596 

537 

4 

.*> 

.44201 

. 79216 

.45658 

. 84020 

-47131 

.89148 1 

.48621 

.94632 

5 

6 

225 

293 

683 

103 

156 

237 ! 

646 

726 

b 

7 

250 

371 

707 

186 

181 

325 

671 

82 1 

7 

8 

274 

449 

731 

269 

206 

414 

696 

qi() 

8 

9 

29S 

527 

756 

352 

230 

503 

721 

.95011 

9 

xo 

.44322 

. 796CH 

.45780 

.84435 

.47255 

.89591 

.48746 

.95106 

xo 

11 

34 ^ 

682 

805 

5'8 

280 

680 

771 

201 

11 

12 

370 

761 

829 

6<ii 

304 

769 

796 

296 

13 

13 

395 

830 

854 

685 

329 

858 

821 

392 

13 

M 

419 

917 

878 

768 

354 

948 

846 

487 

14 

15 

.44443 

• 79995 

• 45903 

.84832 

.47379 

.90037 

.48871 

.95583 


i6l 

467 

. 80074 

927 

935 

403 

126 

8q6 

678 

x6 

17 

491 

152 

951 

.85019 

428 

216 

921 

774 


i8 

316 

231 

970 

103 

453 

305 


870 

18 

19 

540 

309 

. 46000 

187 

478 

395 

971 

966 

19 

20 

• 445*^4 

.80388 

.46025 

.85271 

.47502 

.90485 

.48996 

.96062 

30 

2 X 

58S 

467 

049 

355 

527 

575 

.49021 

15S 

2 X 

22 

612 

546 

074 

439 

552 

665 

046 

255 

33 

2*3 

637 

625 

098 

523 

577 

755 

071 

351 

33 

*4 

661 

704 

123 

608 

601 

845 

096 

448 

34 

25 

.44685 

.80783 

.46147 

. 85692 

.47626 

. 90935 

.49121 

.96544 

35 

26 

709 

862 

172 

777 

651 

.91026 

146 

641 

3 b 

27 

734 

942 

196 

861 

676 

116 

171 

738 

37 

28 

75H 

.81021 

221 

946 

701 

207 

196 

835 

28 

29 

782 

101 

246 

.86031 

725 

297 

221 

932 

39 

30 

. 44806 

. 81180 

. 46270 

.86116 

.47750 

. 91388 

.49246 

.97029 

30 

31 

« 3 i 

260 

295 

201 

775 

479 

271 

127 

31 

32 

855 

340 

319 

286 

800 

570 

296 

224 

33 

33 

879 

419 


371 

825 

661 

321 

322 

33 

34 

903 

49 ^) 

368 

457 

849 

752 

346 

420 

34 

35 

. 44928 

.81579 

. 46393 

.86542 

.47874 

.91S44 

.49372 

.97517 


36 

952 

659 

417 

627 

899 

935 

397 

615 

36 


976 

740 

442 

713 

924 

.92027 

422 

713 

37 

38 

.45001 

820 

466 

799 

949 

I18 

447 

811 

38 

39 

025 

900 

491 

885 

974 

210 

472 

910 

39 

40 

.45049 

.81981 

.46516 

.86970 

. 47998 

.92302 

.49497 

.98008 

40 

41 

073 

,82061 

540 

.87056 

. 48023 

394 

522 j 

107 

41 

42 

098 

142 

■ 

142 

048 

486 

547 

205 

43 

43 

122 

222 

5S9 

229 


578 

572 

304 

43 

44 

146 

303 

614 

315 

670 

597 

403 

4 ^ 

45 

.45171 

.82384 

.46639 

.87401 

.48123 

.92762 

.49623 

.98502 

45 

46 

195 

465 

663 

488 

148 

855 

64?? 

601 

46 

47 

219 

546 

627 

688 

St 

172 

947 

673 

700 


48 

244 

268 

712 

197 

.93040 

698 

799 

899 

48 

49 

709 

737 

748 

222 

133 

723 

49 

50 

.45292 

.82790 

. 46762 

.87834 

.48247 

. 93226 

.49748 

.98998 

50 

51 

317 

871 

786 

921 

272 

319 

773 

.99098 

51 

52 

341 

953 

8ii 

,88008 

297 

412 

799 

824 

198 

53 

53 

365 

. 8303 | 

836 

095 

322 


298 

53 

54 

390 

1 860 

183 

347 

598 

849 

398 

54 

55 

.45414 

.83198 

. 46885 

.88270 

.48372 

.93692 

.49874 

.99498 

55 

56 

439 

280 

909 

357 

396 


899 

598 

56 

57 

463 

362 

934 

445 

421 

879 

924 

6<^ 

51 

58 

487 

512 

444 

526 

959 
i 9«3 

532 

620 

446 

471 

.94^ 

950 

1 975 

799 

899 

58 

•45536 

.83608 

1 . 47008 

.88708 

.48496 

.94160 

. 50000 

I. 00000 
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Table 22 . — Natural Versines and External Secants 
{Continued) 


M. 

60° 

61® 

62° 

63° 

M. 


Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 


o 

.50000 

1. 00000 

.515x9 

1.06267 

• 53053 

I. 13005 

.54601 

1. 20269 

0 

X 

025 

.OOIOI 

544 

.06375 

079 

.13122 

627 

. 20395 

1 

2 

050 

. 00202 

570 

.06483 

104 

. 13239 

653 

.20521 

.20647 

a 

3 

076 

. 00303 

595 

.06592 

130 

. 13356 

679 

3 

4 

lOI 

. 00404 

621 

.06701 

156 

.13473 

705 

. 20773 

4 

5 

.50126 

X. 00505 

■ 51646 

1.06809 

. 53 i«i 

I- 13590 

.54731 

I. 20900 

5 

b 

151 

. 00607 

672 

. 06918 

207 

. 13707 

757 

.21026 

6 

1 

176 

. 00708 

697 

.07027 

233 

.13825 

Pa 

.21153 

7 

8 

202 

. 00810 

723 

.07137 

258 

. 13942 

808 

.21280 

8 

9 

227 

.00912 

748 

, 07246 

284 

. 14060 

834 

. 21407 

9 

lO 

. 50252 

1. 01014 

• 5x774 

1.07356 

.53310 

I. 14178 

.54860 

I. 21535 

.21662 

xo 

XI 

277 

.01116 

799 

. 07465 

336 

. 14296 

886 

II 

X 2 

303 

. 01218 

825 

.07575 

361 

.14414 

912 

.21790 

12 

X 3 

32H 

. 01320 

850 

.07685 

387 

. 14533 

938 

.21918 

13 

X 4 

353 

.01422 

876 

.07795 

413 

. 14651 

964 

. 22045 

X 4 

*5 

• 5037 « 

1.01525 

.51901 

i.o 79 <i 5 

- 53439 

1.14770 

.54990 

1.22174 

*5 

XD 

404 

.01628 

927 

.08015 

464 

. 14889 

. 55016 

. 22302 

x6 


429 

.01730 

952 

.08126 

490 

. 15008 

042 

. 22430 

X 7 

x8 

454 

.01833 

978 

. 0S236 

516 

.15127 

068 

. 22559 

18 

xg 

479 

.01936 

.52003 

.08347 

542 

. 15246 

094 

.22688 

X 9 

30 

•50505 

1.02039 

.52029 

1.08458 

.53567 

1. 15366 

. 55120 

1.22817 

30 

2 X 

530 

.02143 

054 

. 08569 

.593 

. 15485 

146 

. 22946 

2 X 

23 

555 

.02246 

080 

.08680 

619 

.15605 

172 

. 23075 

33 

23 

581 

•02349 

105 

.08791 

645 

. 15725 

198 

.23205 

33 

34 

606 

.02453 

131 

.08^3 

670 

.15845 

224 

.23334 

*4 

25 

.50631 

X. 02557 

.52156 

1.09014 

.53696 

1. 15965 

.55250 

1. 23464 

25 

36 

656 

682 

.02661 

182 

.09126 

722 

. 16085 
. 16206 

276 

. 23594 

36 


.02765 

207 

.09238 

748 

302 

. 23^4 

.23855 


38 

707 

. 02869 

233 

.09350 

774 

. 16326 

328 

28 

29 

732 

.02973 

259 

.09462 

799 

.16447 

354 

.23985 

*9 

30 

.507^ 

1.03077 

.52284 

1.09574 

.53825 

I. 16568 

.55380 

1.24116 

30 

3 X 


.03182 

310 

.09^6 


. 16689 

406 

.24247 

3 X 

32 


,03286 

335 

.09799 

877 

. 16810 

432 

.24378 

32 

33 

834 

. 03391 

361 

.09911 

903 

.16932 

458 

. 24509 

33 

34 

859 

. 03496 

386 

i . 10024 

928 

. 17053 

484 

. 24640 

34 


.50884 

I, 03601 

.52412 

1. 10137 

.53954 

9 & 

I. 17175 

.55510 

1.24772 

35 

36 

910 

,03706 

438 

. 10250 

.17297 

536 

.24903 

36 

31 

935 

.03811 

463 

. 10363 

.54006 

.17419 

563 

. 25035 

37 

3 » 

960 

.03916 

489 

. 10477 

032 

.17541 

589 

.25167 

38 

39 

986 

. 04022 

514 

.10590 

058 

.17663 

615 

• 25300 

39 

40 

.51011 

1.04128 

.52540 

I, 10704 
. 10817 

.54083 

I. 17786 

.55641 

I. 25432 

40 

41 

036 

.04233 

5^6 

109 

.17909 

667 

.25565 

4 X 

42 

062 

• 04339 

59X 

.10931 

135 

. 1H031 

693 

.25697 

42 

43 

087 

.04445 

617 

,11045 

161 

.18154 

719 

. 25830 

43 

44 

112 

.51138 

1 -04551 

642 

.52668 

.11159 

187 

.54213 

. 18277 

1. 18401 

745 

.55771 

.25963 

44 

45 

1.04657 

1.11274 

1.26097 

45 

46 

47 

163 

189 

1 .04764 
. 04870 

.04977 

.05084 

694 

719 

.113^ 

.11503 

238 

264 

. 18524 
. 18648 

797 

823 

. 26230 
.26364 

48 


. 11617 
. 11732 

290 

3x6 

. 18772 
.18895 

^9 

876 


48 

49 

239 

77 X 

49 

so 

.5x265 

I.05I9I 

.52796 , 

I. 11847 

.54342 

I. 19019 

.55902 

1. 26766 

50 

5 X 

290 

. 05298 

822 

.11903 

368 


928 

.26900 

5 X 

53 

316 

.05405 

847 

. 12078 

394 


. 27035 

52 

53 

341 

.05512 
. 05619 

873 

. 12193 

420 

. 19393 

.27169 

53 

54 

366 

899 

.12309 

446 

.19517 

.56006 

. 27304 

54 

It 

IS 

.5x392 

1.05727 

.52924 

I. 12425 

•54471 

X. 19642 

.56032 

X. 27439 

It 

IS 

417 

443 

4^ 

.05835 

.05942 

.06050 

950 

976 

.53001 

. 12540 
.12657 

. 12773 

.1288^ 

1.13005 

497 

523 

549 

.19767 

.19892 

.200X8 

X 

III 

.27574 

.277x0 

.27845 

n 

494 

.515x9 

.06158 

1,06267 

027 

.53053 

575 

.54601 

. 20143 

1.20269 

. 565 ^ 

.27981 

1.28x17 

U 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M. 

64° 

65° 

i 66° 

67“ 

M. 


Vers. 

Exsec. 

I Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 


o 

. 56163 

1.28117 

. 57738 

1.36620 

.59326 

1.45859 

.60927 

1.55930 

0 

X 

189 

. 28253 

765 

.36768 

353 

.46020 

954 

. 5(1106 

X 

2 

215 

. 2H3(/) 

791 

. 36916 

379 

.46181 

9H0 

. 562H2 

2 

3 

241 

. 28526 

817 

.371^4 

406 

.46342 

.61007 

. 56458 

3 

4 

267 

. 28663 

844 

.37212 

433 

.46504 

034 

.56634 

4 

5 

. 56294 

1. 28R00 

.57870 

1.37361 

.59459 

1.46665 

.61061 

1. 5681 1 

5 

6 

320 

. 2H937 

896 

. 37509 

486 

.46S27 

0S8 

. 5 () 9 HS 

6 

7 

346 

. 29074 

923 

- 37658 

512 

. 469S9 

114 

.57165 

7 

8 

372 

. 2921 1 

949 

. 37808 

539 

.47152 

141 

. 57342 

8 

9 

398 

. 29349 

976 

.37957 

566 

.47314 

168 

. 57520 

9 

lO 

.56425 

I. 29487 

. 58002 

1.38107 

. 59592 

1.47477 

.61195 

1.57698 

10 

II 

451 

. 29^^25 

028 

. 3H256 

619 

.47640 

222 

.57876 

11 

12 

477 

. 29763 

055 

. 38406 

645 

- 478 <j 4 

248 

. 58054 

12 

13 

503 

. 29901 

OHI 

. 38556 

672 

.47967 

275 

.58233 

13 

14 

529 

. 30040 

108 

.38707 

699 

.48131 

302 

. 584 1 2 

14 

I*) 

• 56555 

1.30179 

. 58134 

1.38H57 

.59725 

i. 4 S 2 C )5 

.61329 

X. 58591 

15 

i6 

582 

.30318 

160 

. 39008 

752 

. 48459 

356 

.58771 

x6 

17 

^8 

. 30457 

187 

.39159 

779 

.48624 

383 

. 58950 

17 

i8 

634 

. 30596 

213 

. 393 1 1 

805 

.48789 

409 

.59130 

18 

19 

660 

. 30735 

240 

. 39462 

832 

. 48954 

436 

• 593 II 

X 9 

20 

.56687 

1.30875 

.58266 

1.39614 

.59859 

I. 491 19 

.61463 

1.59491 

30 

21 

713 

.31015 

293 

. 39766 

885 

. 49284 

4 ‘>o 

. 59672 

31 

22 

739 

.31155 

319 

.39918 

912 

. 49450 

517 

. 59853 

33 

23 

765 

.31295 

345 

. 40070 

938 

. 49 ()i 6 

544 

.60035 

23 

24 

791 

.31436 

372 

. 40222 

965 

.49782 

570 

. 60217 

24 

25 

.56818 

1.31576 

.58398 

1.40375 

. 509^72 

1.49948 

.61597 

1.60399 

25 

26 

844 

.31717 

425 

. 40528 

.60018 

.50115 

624 

.60581 

36 

27 

870 

.31858 

451 

. 40681 

045 

. 50282 

651 

. 60763 

37 

28 

896 

.31999 

47H 

. 40-835 

072 

. 50449 

678 

. 6094^ 

38 

29 

923 

.32140 

504 

.40988 

098 

.50617 

705 

,61x29 

29 

30 

• 56949 

I. 32282 

.58531 

1. 41142 

.60125 

1.50784 

.61732 

1.61313 

30 

31 

' 975 

.32424 

557 

. 4 1 296 

152 

. 50952 

759 

.61496 

31 

32 

.57001 

1 . 32566 

584 

.41450 

178 

.51120 

7«5 

,61680 

32 

33 

028 

. 32708 

610 

.41605 

205 

.51289 

812 

.61864 

33 

34 

054 

1 .32850 

637 

.^17^)0 

232 

.51457 

839 

. 62049 

34 

35 

. 57080 

1.32993 

.58663 

1.41914 

.60259 

1. 51626 

.61866 

1.62234 

35 

36 

106 

.33135 

690 

.42070 

285 

.51795 

893 

.62419 

36 

37 

133 

. 33278 

716 

.42225 

312 

. 51965 

920 

.62604 

37 

38 

^§9 

.33422 

743 

.42380 

339 

.52134 

947 

. 62790 

38 

39 

185 

. 33565 

769 

.42^6 

365 

.52304 

974 

.62976 

39 

40 

.57212 

1.33708 

.58796 

1.42692 

.60392 

1.52474 

.62001 

1.63162 

40 

41 

238 

. 33852 

822 

. 42848 

419 

.52645 

027 

.63348 

41 

42 

264 

.33996 

849 

-43005 

445 

.52815 

054 

.63535 

42 

43 

291 

.34140 

875 

.43162 

472 

. 52986 

081 

.63722 

43 

44 

3 t 7 

. 34284 

902 

.43318 

499 

.53157 

108 

.63909 

44 

45 

. 57343 

1.34429 

. 58928 

1.43476 

.60526 

1.53329 

-62135 

1.64097 

45 

46 

369 

. 34573 

955 

•43633 

552 

.53500 

162 

. 64285 

46 

47 

396 

.34718 


.43790 

579 

.53672 

189 

. 64473 

47 

48 

422 

.34863 

.59008 

.43948 

606 

. 53845 

216 

. 64662 

48 

49 

448 

.35009 

034 

.44106 

633 

.54017 

243 

.64851 

49 

30 

.57475 

1.35154 

.59061 

1.44264 

,60659 

1.54190 

. 62270 

1.65040 

50 

51 

501 

. 35300 

087 

.44423 

686 

. 54363 

297 

.65229 

51 

52 

527 

.35446 

114 

.44582 

713 

. 54536 

324 

.65419 

52 

53 

554 

. 35592 

140 

.44741 

740 

.54709 

351 

.65609 

53 

54 

580 

.35738 

167 

.44900 

766 

. 54883 

^ 378 

.65799 

54 

5 § 

.57^ 

1.35885 

.59194 

1.45059 

.60793 

I. 55057 

. 62405 

X. 65989 

55 

56 

633 

.36031 

220 

.45219 

820 

.55231 

431 

.66180 

50 

52 

659 

.36178 

247 

.45378 

847 

•55405 

458 

.66371 

57 

58 

6§5 

• 36325 

273 

•45539 

873 

.55580 

485 

.66563 

58 

59 

712 

.36473 

300 

.45699 

900 

•55755 

512 

.66755 


60 

.57738 

1.36620 

.59326 

1-45859 

.60927 

1.55930 

•62539 

1.66947 

to 
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Table 22. — Natural VERsirsTES and External Secants — 
(Conlinuf’d) 


M. 

68^ 

Vers. 1 Exsec. 

69° 1 

Vers. 1 Exsec. | 

7 ^ 

Vers. 

1 

Exsec. 

7 ^ 

Vers. 

Exsec. 

M. 

o 

. 62539 

1,66947 

■ 6416)3 

1.79043 

.65708 

1.92380 

. 67443 

2.07155 

0 

I 

5 ^/, 

.67139 

190 

.79254 

825 

.92614 

471 

.07415 

X 

2 

593 

.67332 

218 

. 70466 

853 

.92849 

498 

.07675 

2 

3 

620 

. 67525 

245 

. 79079 

S80 

. 93083 

526 

. 07936 

3 

4 

? 

64? 

.62674 

701 

.67718 
1.674^11 
. 6Su)5 

272 
. 64299 
326 

- 70891 

1. 80104 
. 80 ^ 1 8 

907 

.65935 

96,2 

.93318 

1.93554 

.93790 

553 

.67581 

608 

. 08197 
2. 08459 
.08721 

4 

i 

7 

728 

. (.S299 

353 

. 80531 

989 

.94026 

636 

.08983 

7 

8 

758 

. 0841^4 

381 

. 80746 

.66017 

.94263 

663 

. 09246 

8 

9 

78 2 

. 68089 

408 

.80960 

044 

.94500 

691 

.09510 

9 

lO 

. 62809 

1.68884 

•64435 

1.81175 

.66071 

1.94737 

.67718 

2.09774 

10 

11 

836 

. 69079 

462 

.81300 

099 

.94975 

746 

. 1003H 

II 

12 

863 

.69275 

480 

.81005 

126 

.95213 

773 

. 10303 

la 

13 

890 

.6947^ 

510 

, S1821 

154 

.95-152 

801 

. 10568 

13 

14 

917 

. 6'.)(A <7 

544 

. 82037 

181 

.0S601 

829 

. 10834 

14 

Is 

. 62 <H 4 

1 . 69864 

.64571 

1.82254 

. 66208 

1.95931 

.67856 

2. IllOI 

*5 

16 

971 

. 70061 

598 

.82471 

236 

.96171 

884 

.11367 

x6 

17 

998 

. 70258 

625 

. S2()88 

263 

.96411 

9TI 

.11635 

17 

18 

. 630.^5 

.70455 

653 

.82906 

200 

. 9<')()52 

939 

. 1 1903 

18 

19 

052 

. 70653 

680 

.83124 

318 

.96893 

966 

.12171 

X 9 

20 

. 63079 

1.70851 

.64707 

1.833-12 

.66345 

1.97135 

.67994 

2. 12440 

20 

21 

106 

. 71050 

734 

.83561 

373 

.97377 

.68021 

. 12709 

21 

22 

135 

.71249 

761 

.83780 

4t)o 

.97619 

049 

.12979 

22 

23 

16 r 

.71448 

789 

. 83099 

427 

. 97862 

, 077 

.13249 

23 

24 

t88 

.71647 

816 

.84210 

455 

.98106 

1.98340 

104 

.13520 

24 


.63215 

I.71S47 

.64813 

1.84439 

. 66482 

.68132 

2. 13791 


26 

242 

.72047 

870 

.84059 

510 

.98594 

159 

. 14063 

26 

27 

269 

.72247 

89S 

. 84RS0 

537 

. 98838 

187 

.14335 


28 

2y^> 

.72448 

925 

.85102 

564 

. 99083 

214 

. 14608 

28' 

29 

323 

.72649 

952 

.85323 

592 

.99329 

242 

.14B81 

29 

30 

.63350 

1.72850 

.64979 

1.85545 

.66619 

1.99574 

. 68270 

2. I5I55 

30 

31 

377 

.73052 

.65007 

.85707 

647 

.99821 

297 

. 15429 

31 

32 

404 

.73254 

034 

. 859 ()o 

674 

2.00067 

325 

. 15704 

32 

33 

431 

• 73456 

06 r 

.86213 

702 

.00315 

352 

. 15979 

33 

34 

45<8 

. 73659 

088 

.86437 

729 

. 00562 

380 

. 16255 

34 

35 

.63485 

1.73862 

.65116 

1.806O1 

.66756 

2.00810 

. 68407 

2. 16531 

35 

36 

512 

. 74065 

143 

. 86885 

784 

.01059 

435 

.16808 

36 

37 

539 i 

.74269 

170 

.87109 

8ii 

.0130S 

463 

.17085 


38 

566 

. 74-173 

197 

•87334 

839 

.01557 

490 

. 17363 

38 

39 

594 

.74677 

225 

. 8756)0 

866 

.01807 

518 

. 17641 

39 

40 

.63621 

1.74881 

.65252 

1.87785 

.66894 

2, 02057 
. 02308 

. 68546 

2. 17920 

40 

41 

648 

. 75086 

279 

.88011 

921 

573 

. 18199 

41 

42 

675 

. 75292 

306 

.88238 

949 

.02559 

601 

. 18479 

4 * 

43 

702 

. 75497 

334 

, 88465 

976 

.02810 

628 

. 18759 

43 

44 

. 729 

.75703 

1 ^ 361 

. 88O92 

.67003 

.03062 


. 19040 

44 

45 

.63756 

1.75909 

1 .6538S 

1.8S920 

.67031 

2.03315 

. 68684 

2. 19322 


46 

783 

.76116 

416 

. 89x48 

058 

.03568 

711 

. 19604 

46 


810 

. 76323 

443 

. 89376 

0^ 

.03821 

739 

. 19886 

47 

48 

83H 

• 76530 

470 

. 89605 

113 

.04075 

767 

.20169 

48 

49 

865 

• 76737 

497 

.89834 

141 

.04329 

794 

. 20453 

49 

SO 

.63892 

I. 76945 

•65525 

1.90063 

.6716S 

2. 04584 

.68822 

2. 20737 

50 

51 

919 

.77154 

552 

. 9 t ’293 

196 

.04839 

849 

.21021 

51 

52 

946 

.77362 1 

579 

.90524 

223 

.05094 

877 

.21306 

53 

53 

, 973 

-77571 

607 

634 


251 

.05350 

905 

.21592 

53 

54 

.64000 

. 7778 q 

278 

.05607 

932 

.689&) 

.21878 

54 

35 

. 64027 

1. 7^)90 

. 65661 

I.91217 

.67306 

2. 05S64 

2. 22165 

55 

56 

055 

. 78200 

6)89 

.91449 

333 

,06121 

988 

. 22452 

56 

57 

082 

. 78410 

716 

.91681 

361 

.06379 

.69015 

. 22740 

57 

58 

JO<^ 

. 78621 

743 

.91914 

388 

.06637 

043 

. 23028 

58 

59 


. 78832 

771 

.92147 

416 

.o 680 

071 

•23317 

59 

60 

1.79043 

.65798 

1.92380 

.67443 

2.07155 

.69098 

2. 23607 

60 

j 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M. 

72° 

0 

CO 

1 74° 

1 75° 

M. 


Vers. 

Exsec. 

Vers. 

Exsec. 

Vers. 

1 Exsec. 

Vers. 

Exsec. 


o 

. 69098 

2. 23607 

. 70763 

2. 42030 

. 72436 

2. 62706 

.74118 

2.86370 

0 

1 

]26 

. 23^97 

791 

. 423.56 

464 

.63164 

146 

.80790 

I 

2 

154 

.24187 

81H 

.42083 

492 

. 63533 

174 

.87211 

2 

3 

181 

.24478 

846 

.43010 

520 

.63903 

202 

.87633 

. 88056 

3 

4 

209 

- 24770 

H74 

. 43 .L 37 

548 

.04274 

231 

4 

5 

. 69237 

2. 25062 

. 70902 

2. 43666 

. 72576 

2.64645 

. 74259 

2. 88479 

5 

6 

264 

. 25355 

930 

.43995 

t>o4 

. 65018 

287 

. 8S904 

b 

7 

292 

. 25648 

958 

.44324 

632 

.65391 

315 

. 89330 

7 

8 

320 

. 25942 

985 

.44655 

6()0 

.65765 

343 

. 89756 

8 

9 

347 

. 26237 

.71013 

.44986 

688 

.66140 

371 

.90184 

9 

lO 

.69375 

2. 26531 

.71041 

2.45317 

.72716 

2.66515 

• 74399 

2.90613 

10 

II 

403 

. 26827 

o <>9 

.45650 

744 

. 60892 

427 

.91042 

II 

12 

430 

.27123 

097 

.45983 

772 

. 67269 

455 

.91473 

12 

13 

45 ''^ 

. 27420 

125 

.46316 

800 

.67047 

484 

.91904 

13 

X 4 

486 

.27717 

153 

.46651 

828 

. 68025 

512 

. 92337 

14 


.69514 

2. 28015 

.71180 

2. 46986 

.72856 

2. 6S405 

• 74540 

2.92770 


i6 

541 

.2S313 

208 

.47321 

884 

.68785 

568 

.93204 

x6 


569 

. 2S612 

236 

.47658 

912 

.60167 

596 

. 93640 

17 

i8 

597 

. 28912 

264 

.47995 

940 

. 69549 

C24 

. 94076 

18 

X 9 

624 

. 29212 

292 

.48333 

968 

.69931 

652 

.94514 

19 

20 

. 69652 

2. 29512 

.71320 

2.48671 

.72996 

2.70315 

. 74680 

2. 94952 

20 

21 

680 

. 29814 

348 

.40010 

.73024 

.70700 

709 

.95392 

21 

22 

708 

. 30115 

375 

.49350 

052 

080 

.71085 

737 

.95832 

2 '* 

23 

735 

.30418 

403 

.49691 

.71471 

765 

.96274 

23 

24 

763 

.30721 

431 

. 50032 

108 

.71858 

793 

.96716 

34 


.6979T 

2. 31024 

.71459 

2. 50374 
.50716 

.73136 

2. 72246 

.74821 

2.97160 


20 

818 

.31.328 

487 

164 

.72635 

849 

.97604 

26 

27 

846 

. 31633 

515 

.51060 

192 

. 73024 

S78 

. 98050 


28 

874 

.31939 

543 

.51404 

220 

.73414 

906 

.98497 

28 

29 

902 

.32244 

571 

.51748 

248 

.73806 

934 

.98944 

29 

30 

.69929 

2.32551 

.71598 

2.52094 

.73276 

2.74198 

.74962 

2.99393 

30 

31 

9.57 

. 32^^58 

626 

. 52440 

304 

.74591 

990 

.99843 

31 

32 

985 

.33166 

654 

.52787 

332 

.74984 

. 75018 

3. 00293 

33 

33 

.70013 

• 33474 

682 

.53134 
• 53482 

360 , 

. 75379 

046 

.00745 

33 

34 

040 

. 33783 

710 

388 * 

.75775 

075 

.01198 

34 


.70068 

2. 34092 

.71738 

2. 53831 

.73416 i 

2. 76171 

. 75103 

3. 01652 


36 

096 

. 34403 

766 

. 54181 

444 

. 76568 

131 

.02107 

36 

37 

124 

..34713 

794 

.54531 

472 

,76966 

159 

. 02563 

37 

38 

131 

. 3.5025 

822 

. 54883 

500 

.77365 

187 

. 03020 

38 

39 

179 

. 35336 

850 

.55234 

529 

.77765 

216 

.03479 

39 

40 

. 70207 

2. 35649 

.71877 

2. 55587 

.73557 

2.78166 

.75244 

3.03938 

40 

41 

235 

.. 3 . 5‘>62 

905 

.55940 

585 

. 78568 

272 

.04398 

41 

42 

263 

. 36276 

933 

.56294 

613 

! . 78970 

300 

,04860 

42 

43 

290 

.36590 

961 

.56649 

641 

669 

i . 79374 

328 

.05322 

43 

44 

318 

.36905 

989 

.57005 

. 79778 

2.80183 

356 

.05786 

44 


. 70346 

2.37221 

.72017 

2. 57361 

.73697 

. 75385 

3. 06251 


46 

374 

. 37.537 

045 

.57718 

725 

.80589 

413 

.06717 

46 


401 

.37854 

073 

.58076 

753 

.80996 

441 

.07184 


48 

429 

.38171 

101 

.58434 

.81464 

469 

.07652 

48 

49 

457 

.38489 

129 

•58794 

.81813 

497 

.08121 

49 

50 

51 

.70485 

513 

2. 38808 
.39128 

. 72157 
185 

2.59154 

.59514 

. 73^7 

2. 82223 
, 82633 

.75526 

5 M 

3.08591 

.09063 

50 

51 

52 

540 

.39448 

213 

.59876 

893 

.83045 

5^2 

•09535 

53 

53 

568 

.39768 

241 

.60238 

921 

.83457 

610 

, 10009 

53 

54 

596 

.40089 

269 

. 60601 

950 

.83871 

638 

. 10484 

54 

55 

. 70624 

2. 40411 

. 72296 

2.60965 

.73978 

2. 84285 

.75667 

3. 10^ 


50 

652 

■ .40734 

324 

.61330 

.74006 

.84700 

' 695 

.11437 

50 

5 Z 

679 

.41057 

IS 

.61695 

034 

062 

.85116 

723 

.11915 


58 

707 

.41381 

.62061 

.85533 

w> 

. 75^8 

. 12394 

58 


735 

.41705 

408 

, 62428 

090 

.85951 

. 12875 


.70763 

2. 42030 

.72436 

2. 62796 

.74118 

2. 86370 

3. 13357 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M. 

0 

VO 

ii 77 ° 

00 

0 

II 79 ^" 

M. 


Vers. 

Exsec. 

i Vers. 

! Exsec. 

1 Vers. 

Exsec. 

1 Vers. 

1 Exsec. 


o 

. 75^08 

3 - 13357 

.77505 

3.44541 

.79209 

3 - 80973 

.80919 

4. 240S4 

0 

I 

836 

• 13839 

533 

.45102 

237 

.81633 

948 

. 24S70 

X 

3 

864 

. 14323 

.14809 

562 

.45664 

266 

. S2294 

976 

. 25658 

a 

3 

892 

590 

.46228 

294 

. 82956 

. 81005 

. 26448 

3 

4 

921 

- 15295 

618 

.46793 

323 

.83621 

033 

.27241 

4 

5 

. 75^)49 

3- 15782 

.77647 

3.47360 

. 79351 

3. 84288 

. 81062 

4. 28036 

5 

6 

977 

. 16271 

675 

.47928 

380 

. 84956 

090 

.28833 

6 

7 

.76005 

. 16761 

703 

.48498 

40S 

.85627 

119 

.29634 

7 

8 

034 

062 

. 17252 

732 

.49069 

437 

.86299 

148 

. 30436 

8 

9 

. 17744 

760 

.49642 

465 

.86973 

176 

.31241 

9 

zo 

.76090 

3. 18238 

. 77788 

3. 50216 

. 79493 

3 - 87649 

.81205 

4. 32049 

xo 

XX 

n8 

. 18733 

817 

.50791 

522 

.88327 

233 

.32859 

IX 

12 

147 

. 19228 

845 

. 51368 

550 

,89007 

262 

. 33671 

X 2 

13 

175 

. 19725 

874 

• 51947 

579 

.89689 

290 

.34486 

13 


203 

. 20224 

902 

.52527 

607 

.90373 

319 

. 35304 

14 


. 76231 

3. 20723 

.77930 

3. 53109 

. 79636 

3.91058 

.81348 

4.36124 

15 

x6 

260 

.21224 

959 

.53692 

664 

.91746 

376 

. 36947 

x6 

17 

288 

. 21726 

987 

.54277 

693 

.92436 

405 

.37772 

17 

i8 

316 

. 22229 

.78015 

. 54863 

721 

.93128 

433 

. 38600 

18 

19 

344 

. 22734 

044 

.55451 

750 

..93821 

462 

- 39430 

19 

30 

. 76373 

3 - 23239 

. 78072 

3.56041 

.79778 

3.94517 

.81491 

4. 40263 

ao 

3 X 

401 

. 23746 

101 

.56632 

807 

.95215 

519 

.41099 

ax 

33 

429 

■ 24235 

129 

.57224 

835 

•95614 

548 

.41937 

aa 

33 

458 

. 24764 

157 

.57819 

864 

.96<.)i6 

576 

.42778 

23 

34 

4^ 

. 25275 

186 

.58414 

892 

.97320 

605 

.43622 

24 


.76514 

3 « 25787 

.78214 

3.59012 

.79921 

3.98025 

.81633 

4.44468 


36 

542 

. 26300 

242 

.59611 

949 

.98733 

662 

.45317 

a6 

37 

571 

.26814 

271 

.60211 

978 

.99443 

6gi 

.46169 


38 

599 

. 27330 

299 

,60813 

,80006 

4 .o(.n 55 

719 

.47023 

38 

39 

627 

.27847 

328 

.61417 

035 

,00869 

748 

.47881 

29 

30 

.76655 

3. 28366 

.78356 

3.62023 

.80063 

4.01585 

.81776 

4.48740 

30 

31 

684 

.28885 

384 

. 62630 

092 

.02303 

805 

.49603 

3 X 

33 

712 

.29406 

413 

.63238 

120 

.03024 

834 

.50468 

32 

33 

740 

.29929 

441 

. 63849 

149 

.03746 

862 

.51337 

33 

34 

769 

. 30452 

470 

.64461 

177 

.04471 

891 

. 52208 

34 

35 


3.30977 

.78498 

3.65074 

.80206 

4.05197 

.81919 

4.53081 

35 

36 

.31503 

526 

.65690 

234 

. 05926 

948 

.53958 

36 

32 


.32031 

555 

.66307 

263 

. 0^57 

977 

.54837 

32 

38 

.32560 


.66925 

291 

.07390 

.82005 


38 

39 

910 

.33090 

612 

.67545 

320 

.08125 

034 

39 

40 

.76938 

3.33622 


3. 68167 

.80348 

4. 08863 

.82063 


40 

41 

967 

.34154 

.68791 

377 

.09602 

091 

4 * 

43 

995 

.34689 

697 

.69417 

405 

. 10344 

120 

•59277 

.60174 

42 

43 

.77023 

.35224 

725 

.70044 

434 

.11088 

148 

43 

44 

052 

. 35761 

754 

.70673 

462 

.11835 

177 

.61075 

44 


.77080 

3.36299 

. 78782 

3.71303 

.80491 

4. 12583 

.82206 

4.61976 


46 

108 

. 36839 

81 1 

.71935 

.72569 

519 

. 13334 

234 

.62881 

46 

^2 

137 

.37380 

til 

548 

.14087 

263 

.63790 


48 

165 

.37923 

.38466 

.73^5 

S>1 

. 14842 

292 

.64701 

48 

49 

193 

896 

.73843 

.15599 

320 

.65616 

49 

50 

. 77222 

3.39012 j 

.78924 

3.74482 


4. 16359 

.82349 

4.66533 

50 

51 

250 

.39558 1 

953 

.75123 

.75766 

.17121 

377 

.67454 

.68377 

51 

53 

278 

,40106 

981 

691 

. 17886 

406 

52 

53 

307 

.40656 

.79010 

.76411 

719 

. 18652 

435 

.69304 

53 

54 

U 

335 

.77363 

392 

.41206 

3.41759 

.42312 

.42^7 

038 

.79067 

095 

.77057 

3-77705 

.78355 ; 

748 

.19421 

4. 20193 
.20966 

463 

.82492 

521 

.70234 

4.71166 

.72102 

54 

U 

57 

430 

123 

.79^7 

in 

891 

,21742 

g 

.73041 

57 

58 

g 

448 

477 

.43424 

.43982 

[g 

.79661 

.80316 

. 22521 
.23301 

.73983 

.74929 

5« 

.77505 

3.44541 

.79209 

3.80973 

.80919 

4.240S4 

1 .82635 

4.75877 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M. 

0 

0 

00 

0 

00 

1 82» 

83° 

M. 


Vers. 

Bxsec. 

1 Vers. 

Exsec. 

1 Vers. 

Exsec. 

1 Vers. 

Exsec. 


o 

.82635 

4. 75877 

. 84357 

5.39245 

.86083 

6. 1 8530 

.87S13 

7.20551 

0 

X 

664 

.76829 

385 

.40422 

III 

. 20020 

842 

.22500 

X 

a 

692 

.77783 

414 

.41602 

140 

.21517 

871 

.24457 

3 

3 

721 

. 78742 

443 

.42787 

169 

.23019 

900 

.26425 

3 

4 

750 

. 79703 
4. 80667 

471 

.43977 

198 

. 24520 

929 

. 28402 

4 


.82778 

.84500 

5.45I7I 

.46369 

.86227 

6. 26044 

• 87957 

7. 30388 

5 

o 

807 

.81635 

529 

256 

. 27566 

986 

. 32384 

6 

1 


.82606 

558 

.47572 

284 

.29095 

.88015 

. 34390 

7 

8 

864 

893 

.83581 

586 

.48779 

313 

.30630 

044 

. 36405 

8 

9 

.84558 

615 

.49991 

342 

.32171 

073 

•38431 

9 

xo 

.82922 


. 84644 

5.51208 

.86371 

6. 33719 

.88102 

7. 40466 

10 

XX 

950 

673 

.52429 

400 

. 35274 

131 

.42511 

IX 

X 3 

. 83 ?^ 

.87511 

701 

.53655 

428 

. 36835 

idKJ 

■ 44566 

12 

13 

. 88502 

730 

.548H6 

457 

. 38403 

188 

. 46032 

13 

M 

036 

. 89497 


.56121 

486 

.39978 

217 

.48707 

14 

'5 

.83065 

4. 90495 

5.57361 

.86515 

6.41560 

.88246 

7 - 50793 

15 

10 

094 

.91496 

8i6 

.58606 

544 

.43148 

275 

. 53889 

x6 

17 

122 

.92501 

845 

.59855 

573 

. 44743 

304 

.54996 


i8 

J5I 

.93509 

874 

.61110 

601 

. 46346 

333 

.57113 

18 

19 

180 

.94521 

903 

.62369 

630 

.47955 

362 

. 59241 

19 

30 

. 83208 

4.95536 

,84931 

5.63633 

.86659 

6.40571 

.88391 

7.61379 

30 

31 

237 

.96555 

960 

,64902 

688 

.51194 

420 

.63528 

3 X 

33 

266 

.97577 

989 

.66176 

717 

.52825 

448 

.65688 

33 

33 

294 

.9^03 

.85018 

.67454 

.68738 

746 

.54462 

477 

.67859 

33 

*4 

323 

.99633 

046 

774 

.56107 

506 

.70041 

24 


.83352 

5.006^ 

.85075 

5. 70027 

.86803 

6. 57759 

.88535 

7. 72234 

25 

30 

380 

.01702 

104 

.71321 


.59418 

564 

. 74438 

36 


409 

438 

.02743 

133 

.72620 

861 

.61085 

593 

. 76653 

37 

38 

.03787 

162 

.73924 

890 

. 62759 

622 

. 78880 

38 

39 

467 

.04834 

190 

. 75233 

919 

.64441 

651 

,81118 

29 

30 

.83495 

5.05886 

,06941 

.85219 

5 - 76547 

.86947 

6.66130 

. 88680 

7 - 83367 

30 

3 * 

524 

248 

.77866 

976 

.67826 

709 

.85628 

31 

3 * 

553 

.080^ 

277 

. 79T91 

.87005 

. 69530 


.87901 

32 

33 

581 

.09062 

305 

.80521 

034 

.71242 

766 

.90186 

33 

34 

610 

.10129 

334 

.81856 

063 

. 72962 

795 

.92482 

34 


.83639 

667 

5.11199 

.85363 

5.83196 

.87092 

6. 746S9 

.88824 

7. 94791 

35 

36 

.12273 

392 

•84542 
• 85893 

120 

.76424 

853 

.97111 

36 


696 

.13350 

420 

149 

.78167 

882 


32 

38 

725 

.14432 

449 

.87250 

178 


911 

38 

39 

754 

.15517 

478 

.88612 

207 

940 

.04146 

39 

40 

. 83782 

5.16607 

.85507 

5.89979 

.87236 

6. 83443 

.88969 

8.06515 
. 08897 

40 

4 * 

.17700 1 

536 

.91352 

265 

.85218 

998 

41 

4a 



564 

.92731 

294 

.87001 

.89027 

. 11292 

42 

43 

868 

593 

.94115 

322 

.88792 


. 13699 

43 

44 

897 

.21004 

622 

.95505 

351 

.90592 

084 

. 16120 

44 


. 83926 

5- 22113 

.85651 

5.96900 

.87380 

6.92399 

.89113 

8. 18553 


40 

9 M 

.23226 

680 

,98301 ^ 

409 

438 

467 

496 

.94216 

142 

.20999 

46 

49 

0 ^3 

.24343 

.25464 

.26590 

708 

.99708 

.9^40 

171 

.23459 


.84012 

041 


6.01120 

.02538 

.97873 

.99714 

200 

229 

. 25931 

.28417 

48 

49 

50 

51 

.84060 

098 



6. 03962 

.0oo2o 

.87524 

P 

7. 01565 
.03423 

.89258 

287 

8. 30917 
.33430 

50 

51 

53 

127 

.29991 


.05291 

316 

.35957 

5 « 

53 


.31133 

,08269 

611 

.07167 

345 

.38497 

53 

54 

184 

.84213 

.32279 

910 

.09717 

640 

.0905a 

« 374 

.41053 

54 


5.334^ 

.85939 

6.11171 

.876TO 

7. 10046 

.89403 

8.43620 



342 

.34584 

967 

,.12630 

698 

. 12849 

431 

.46203 

35 


270 

•S4357 


.86?^ 


726 

755 

.lAT^ 

,16^1 

460 

489 

.48800 

.51411 

P 

g 

.38073 

5.39245 


. 17046 
6.18530 

.Syil 

. 18612 
7.20551 

518 

.89547 

.54037 

8.56677 

g 
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Table 22. — Natural Versines and External Secants— 
(Continued) 


M. 

84° 

0 

10 

00 

00 

0^ 

0 

M. 


Vers. 

Exscc. 

Vers. 

Exsec. 

Vers. 

Exsec. 


o 

. 89547 

8. 56677 

.91284 

10. 47371 

.93024 

13 - 3.3550 

0 

I 

576 

• 59332 

313 

.51199 

053 

. 39547 

1 

a 

605 

.62002 

342 

• 55052 

082 

. 45586 

2 

3 

634 

. 64687 

371 

. 58932 

III 

. 51<>76 

3 

4 

663 

.67387 

400 

. 62837 

140 

.57817 

4 

§ 

.89692 

8. 70103 

.91429 

10. 66769 

■ 93169 

13.640H 

5 

6 

721 

. 72833 

458 

. 70728 

198 

. 70258 

b 

1 

750 

. 75579 

487 

.74714 

227 

• 76558 

7 

8 


• 78341 

516 

.78727 

257 

.82913 

8 

9 

.81119 

545 

. 82768 

286 

. 89323 

9 

lO 

. 89836 

8. 83912 

.91574 

10. 86837 

.93315 

13-95788 

10 

II 

865 

. 86722 

603 

.90934 

344 

14. 023 JO 

II 

la 

894 

.89547 

632 

.95060 

373 

. 0S890 

12 

*3 

923 

.92389 
. 95248 

661 

.99214 

402 

• 15527 

13 


952 

690 

11.03397 

431 

. 22223 

14 


.89981 

8.98123 

.91719 

11.07610 

. 93460 

14. 2.S979 

15 

i6 

. 90010 

9. 01015 

748 

. 11852 

489 

• 35795 

x6 

17 

039 

. 03923 

777 

. 16125 

518 

.42672 

17 

i8 

068 

. 06849 

806 

. 20427 

547 

.49611 

x8 

19 

097 

.09792 

835 

. 24761 

576 

.56613 

19 

30 

.90126 

9. 12752 

.91864 

11. 29125 

.93605 

14.63679 

30 

ax 

155 

. 15730 

893 

.33521 

634 

. 70810 

ax 

aa 

184 

. 18725 

922 

.37948 

663 

.78005 

23 

33 

213 

.21739 

951 

. 42408 

692 

. 85268 

23 

*4 

242 

. 24770 

980 

.46900 

721 

. 92597 

24 


.90271 

9. 27819 

.92009 

11.51424 

.93750 

14 . 99995 


36 

300 

. 30887 

038 

.55981 

U 

15.07462 

2b 


329 

.33973 

067 

.60572 

. 14999 


38 

358 

.37077 

096 

.65197 

837 

. 22607 

28 

ag 

386 

.40201 

125 

.69856 

866 

. 30287 

ag 

30 

.90415 

9-43343 

.92154 

11.74549 

. 93805 

15.38041 

30 

31 

444 

.46505 

183 

.79278 

924 

.45869 

31 

33 

473 

.49685 

.52886 

212 

.84042 

953 

.53772 

33 

33 

502 

24T 

.88841 , 

9H2 

.61751 

33 

34 

531 

.56106 

270 

.93677 

.94011 

.698(;8 

34 

35 

.90560 

9 - 59346 

.92290 

328 

11.98549 

. 94040 

15.77944 

35 

36 

gi 

647 

. 62^5 

12.0M58 

.08404 
. 13388 

o(j 9 

.86159 

36 

P 

. 65885 
.69186 

357 

386 

098 

127 

. 94456 

16.02835 

38 

39 

676 

.72507 

415 

. 18411 

156 

.11297 

39 

40 

.90705 

9 - 75849 

.92444 

12. 23472 

.94186 

16. 19843 

40 

41 

734 

.79212 

.82596 

473 

.28572 

215 

, 28476 

41 

43 

763 

502 

.33712 

244 

.37196 

43 

43 

792 

. 8(3001 

531 

.38891 

273 

.46005 

43 

44 

821 

. 89428 

5te 

.44112 

302 


44 


.90850 

9. 92877 

•92589 

618 

647 

12.49373 

.94331 

16. 63893 


46 

879 

908 

.96^8 

.99841 

.M676 

.60021 

360 

389 

418 

. 72975 

.82152 

46 

48 



676 

.65408 

.91424 

48 

49 

9§6 

705 

.70838 

447 

17.00794 

49 

50 

.90995 

10. 10455 

.92734 

12. 7631 X 

.94476 

17. 10262 

50 

51 

.91024 

•14039 

763 

.81829 

505 

.19830 

5X 

53 

053 

.17646 

792 

.87391 

534 

.29500 

53 

53 

082 

.21277 

821 

1 .92999 i 

563 

.39274 

S 3 

54 

III 

.24932 

850 

.98651 

592 

.49153 

54 

i? 

.91140 

10. 28610 

.92879 

908 

p6 

13. 04350 

.94621 

17. 59139 

55 

169 

lU 

.32313 

.36040 


650 

.69233 

.79438 

56 

50 

• 39792 

.21730 
. 27620 
* 3.33559 

708 

89755 

58 

g 

. 9 W§ 

•43569 

XO. 47371 

995 

.93024 

737 

.94766 

18. 00185 
18. 10732 

g 
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Table 22. — Natural Versines and External Secants — 
{Continued) 


M. 

0 

00 

00 

00 

0 

89 

M. 

Vers 

Exsec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

o 

.94766 

18. 10732 

,96510 

27.65371 

.98255 

56. 29869 

0 

X 

795 

.21397 

539 

. 89440 

284 

57. 26975 

X 

2 

^-’5 

.321H2 

568 

28. 13917 

313 

58. 27431 

2 

3 

^54 

. 43088 

: 597 

.38812 

342 

59. 3141 1 

3 

4 

883 

• 54119 

626 

.64137 

371 

60. 39105 

4 

5 

.94912 

t8. 63275 

.96655 

28. 89903 

.98400 

61.50715 

5 

6 

941 

. 76560 

684 

29. 16120 

420 

62. 66460 

6 

7 

970 

• 87976 

714 

.42802 

458 

63. 86572 

7 

8 

999 

. 995^4 

743 

.69960 

487 

65. 1 1304 

8 

9 

. 95028 

19. 11207 

772 

.97607 

517 

66. 40927 

9 

xo 

. 95057 

19. 23028 

.96801 

30. 25758 

.98546 

67. 75736 

xo 

IX 

086 

. 34989 

830 

.54425 

575 

69. 16047 

XX 

X 2 

115 

. 47093 

lii 

.83623 

604 

70. 62205 

xa 

13 

144 

.59341 

31. 13366 

633 

72. 14583 

13 

14 

173 

. 71737 

917 

.43671 

662 

73. 73586 

14 

15 

. 95202 

I g. 84283 

.96946 

31.74554 

.98691 

75.39655 


i6 

231 

96982 

975 

32. 06030 

720 

77. 13274 

16 


260 

20. 09838 

.97004 

.38118 

749 

78. 94968 



85315 


i8 

289 

. 22852 

033 

.70835 

778 

x8 

19 

318 

. 36027 

062 

33. 04199 

807 

82.84947 

19 

20 

• 95347 

20, 49368 

.97092 

33.38232 

.98836 

84. 94561 

20 

2Z 

377 

. 62876 

121 

. 72951 

866 

87. 14924 
89. 46886 

ax 

22 

406 

. 76555 

150 

34.08380 

895 

32 

23 

435 

.90409 

179 

. 44539 

924 

91.91387 

33 

24 

464 

21.04440 

208 

.81452 

.,8^1 

94. 49471 

*4 


• 95493 

21. 18653 

.97237 

35. 19141 

97. 22303 

*5 

26 

522 

. 33050 

266 

.57633 

.99011 

100. H185 

26 


551 

.47635 

295 

^.96953 

040 

17574 

27 

28 

5B0 

.62413 

324 

36. 37127 

o6g 

098 

106.43114 

28 

29 

609 

.77386 

353 

.78185 

109. 8^56 

39 

30 

• 95638 

21.92559 

.97382 

37. 20155 

.99127 

113.59301 

30 

31 

667 

22. 07935 

411 

. 6 $ o68 

156 

117.54440 

31 

32 

696 

, 23520 

440 

38.06957 

186 

121.77803 

3a 

33 

725 

.39316 

470 

.51855 

215 

126. 32526 

33 

34 

754 

.55329 

499 

.97797 

244 

131. 22229 

34 

35 

.95783 

22.71563 

.97528 

39.44820 

•99273 

X36.51108 


36 

812 

. 88022 

557 

.92963 

302 

142. 24061 

36 


841 

23.04712 

586 

40. 42266 

331 

148. 46837 

32 

38 

871 

. 21637 

615 

.92772 

360 

155. 26228 

38 

39 

900 

.38802 

644 

41.44525 

389 

162. 70325 

39 

40 

.95929 

23.56212 

.97673 

41.97571 

.99418 

170.88831 

40 

41 

958 

• 73873 

702 

42.51961 

447 

179. 93496 
189.9^0 

41 

42 

987 

.91790 

731 

43.07746 

476 

43 

43 

.96016 

24. 

. 28414 

760 

.049^ 

505 

201. 22122 

43 

44 

045 

789 

44. 23719 

535 

.99564 

213. 85995 

44 


.96074 

24. 47134 


44.84026 

228. 18385 


46 

103 

.66132 j 

45. 45963 

593 

244. 55402 
263.44260 

46 


132 

.85417 1 

877 

46.09596 

622 


48 

161 

25.04994 

go6 

.74997 

651 

285.47948 

48 

49 

190 

. 24869 

935 

47.42241 

680 

311.52297 

49 

50 

.96219 

25 - 45051 

.97964 

48. 11406 

.99709 

342. 77516 

50 

51 

248 

.65545 

993 

. 82576 


380. 97230 

51 

52 

277 

. 86360 

.98022 

49. 55840 

428.71873 

53 

53 

307 

26. 07503 

0.SI 

50.31290 

796 

490. 10702 

53 

54 

55 

336 

.96365 

. 28^1 
26. 50804 

0^ 

51.09027 

51.89156 

825 

.99855 


54 

55 

56 

394 

.72978 

52.71790 

884 

858.43689 

56 

57 

423 

.95512 

168 

53- 57046 

913 

1144, Q1574 

1717.87348 
3436. 74682 


58 

g 

452 

481 

.96510 

27. X84I7 
.41700 

197 

226 

.98255 

54.45053 

942 

971 

58 

& 


37 « 05371 

56.29869 

1. 00000 

00 
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Table 23. — Minutes in Decimals op a Degree 


f 

o " 

10'' 

IS" 


30^' 

40'' 

4 S" 

SO" 


0 

. ooooo 

.00278 

.00417 

.00556 

.00833 

.OIIII 

.01250 

.01389 

0 

1 

.01667 

.01944 

.02083 

.02222 

.02500 

.02778 

.02917 

.03055 

I 

a 

.03333 

.03611 

.03750 

,03889 

,04167 

.04444 

.04583 

.04722 

3 

3 

.05000 

.05278 

.05417 

.05556 

.05833 

.06111 

.06250 

. 06389 

3 

4 

. 06667 

. 06944 

.07083 

.07222 

.07500 

.07778 

.07917 

. 08056 

4 

5 

.08333 

.08611 

.08750 

.08889 

.09167 

. 09444 

.09583 

.09722 

5 

6 

. 10000 

. 10278 

.10417 

.10556 

.10833 

.mil 

. 1 1250 

.11389 

6 

7 

. 11667 

.11944 

. 12083 

. 12222 

. 12500 

. 12778 

, 12917 

. 13056 

7 

8 

. 13333 

. 13611 

.13750 

. 13889 

.14167 

.14444 

. 14583 

. 14722 

8 

9 

. I 5000 

.15278 

.15417 

.15556 

.15833 

. 16111 

. 16250 

. 16389 

9 

lO 

. 16667 

.16944 

.17083 

. 17222 

.17500 

.17778 

.17917 

. 18056 

10 

II 

.18333 

. I861I 

.18750 

. 18889 

. 19167 

. 19444 

.19583 

. 19732 

11 

12 

. 20000 

.20278 

.20417 

.20556 

.20833 

.21111 

.21250 

.21389 

Z2 

13 

.21667 

.21944 

.22083 

. 22222 

. 22500 

.22778 

. 22917 

. 23056 

13 

14 

.23333 

.23611 

.23750 

.23889 

.24167 

. 24444 

.24583 

. 24732 

14 

IS 

. 25000 

.25278 

.25417 

.25556 

.25833 

. 26111 

. 26250 

. 26389 

IS 

i6 

. 26667 

. 26944 

.27083 

.27222 

.27500 

.27778 

.27917 

. 28056 

x6 

17 

. 28333 

. 28611 

.28750 

. 28889 

. 29167 

. 29444 

.29583 

. 29732 

17 

i8 

.30000 

.30278 

.30417 

.30556 

.30833 

.31111 

.31250 

.31389 

18 

19 

.31667 

.31944 

.32083 

.32222 

.32500 

.32778 

.32917 

.33056 

19 

20 

■33333 

.33611 

•33750 

.33889 

.34167 

.34444 

.34583 

.34722 

30 

21 

.35000 

.35278 

. 3541 ’ 

.35556 

.35833 

.36111 

.36250 

.36389 

21 

22 

. 36667 

.36944 

.37083 

.37222 

.37500 

.37778 

.37917 

.38056 

23 

23 

.38333 

.38611 

.38750 

.38889 

.39167 

.39444 

.39583 

.39722 

33 

24 

. 40000 

.40278 

.40417 

.40556 

.40833 

.41111 

.41250 

.41389 

34 

25 

.41667 

.41944 

,42083 

.42222 

.42500 

.42778 

.42917 

.43056 

as 

26 

.43333 

.43611 

.43750 

.43889 

.44167 

.44444 

.44583 

.44733 

26 

27 

•45000 

.45278 

.45417 

.45556 

.45833 

.46111 

.46250 

.46389 

27 

28 

.46667 

. 46944 

.47083 

.47222 

.47500 

.47778 

.47917 

.48056 

28 

29 

.48333 

.48611 

.48750 

.48889 

.49167 

.49444 

.49583 

.49723 

39 

30 

. soooo 

.50278 

.50417 

.50556 

.50833 

.51111 

.51250 

.51389 

30 

31 

.51667 

.51944 

.52083 

.52222 

.52500 

.52778 

.52917 

.53056 

31 

32 

.53333 

.53611 

.53750 

.53889 

.54167 

.54444 

.54583 

.54722 

32 

33 

.55000 

.55278 

.55417 

.55556 

.55833 

.56111 

.56250 

. 56389 

33 

34 

.56667 

.56944 

.57083 

.57222 

.57500 

.57778 

.57917 

.58056 

34 

3 S 

.58333 

. 58611 

.58750 

.58889 

.59167 

. 59444 

.59583 

.59722 

35 

36 

.60000 

.60278 

.60417 

.60556 

. 60833 

.61IH 

.61250 

.61389 

36 

37 

.61667 

.61944 

.62083 

.62222 

.62500 

.62778 

.62917 

.63056 

32 

38 

.63333 

.63611 

.63750 

.63889 

.64167 

.64444 

.64583 

.64732 

38 

39 

.65000 

.65278 

.65417 

.65556 

.65833 

.66111 

.66250 

.66389 

39 

40 

.66667 

. 60944 

.67083 

.67222 

.67500 

.67778 

.67917 

.68056 

40 

41 

.68333 

.686ri 

.68750 

.68889 

.69167 

.69444 

.69583 

.69733 

4 X 

42 

. 70000 

.70278 

.70417 

.70556 

.70833 

. 71HI 

.71250 

.71389 

43 

43 

.71667 

.71944 

.72083 

.72222 

.72500 

.72778 

.72917 

.73056 

43 

44 

.73333 

.73611 

.73750 

.73889 

.74167 

.74444 

.74583 

.74722 

44 

45 

. 75000 

.75278 

.75417 

.75556 

.75833 

.76111 

.76250 

. 76389 

45 

46 

. 76667 

.76944 

.77083 

.77222 

.77500 

.77778 

.77917 

.78056 

46 

47 

.78333 

.78611 

.78750 

,78889 

.79167 

. 79444 

.79583 

.79722 

47 

48 

. 80000 

. 80278 

.80417 

.80556 

. 80833 

.81111 

.8x250 

.8x389 

48 

49 

.81667 

.8i.')44 

. 82083 

.82222 

.82500 

.82778 

.82917 

.83056 

49 

SO 

.83333 

.83611 

.83750 

.83889 

.84167 

.84444 

.,84583 

.84732 

SO 

SI 

. 85000 

.85278 

.85417 

.85556 

. 85833 

.86111 

.86250 

. 86389 

51 

Sa 

. 86667 

. 86944 

.87083 

.87222 

.87500 

.87778 

.87917 

. 88056 

S3 

S 3 

.88333 

.88611 

.88750 

.88889 

.89167 

.89444 

. 89583 

.89723 

1 53 

S 4 

. 90000 

.90278 

.90417 

.90556 

.90833 

.91111 

.91250 

.91389 

54 

5 S 

.91667 

.91944 

.92083 

.92222 

.92500 

.92778 

.92917 

.93056 

1 3 S 

S6 

.93333 

.93611 

.93750 

. 93889 

.94167 

.94444 

.94583 

.94733 

' SO 

S 7 

.95000 

.95278 

.95417 

.95556 

.95833 

.96111 

.96250 

.96389 

S 7 

58 

. 96667 

. 96944 

.97083 

.97222 

.97500 

.97778 

.97917 

. 98056 

S8 

S 9 

.98333 

.98611 

.98750 

. 98889 

,99167 

. 99444 

.99583 

.99722 

59 


0" 

10" 

iz" 

20'' 

30 *^ 

40'^ 

45 " 

SO'' 

f 


From “Field Engineerinug** by Prof, W. H. Searles. By permission o( 
the publishers, John Wiley « Sons, Inc., New York. 
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Table 24. — Horizontal Distances and Elevations from 
Stadia Readings 



O 100.00 

2 100.00 

4 100.00 

6 100.00 

8 100.00 

O 100.00 


2 100.00 

4 100.00 

6 100.00 

8 100.00 

O 100.00 


2 100.00 

4 100,00 

6 99-99 

8 99-99 

o 99-99 


2 99-99 

4 99-99 

6 99-99 

8 99-99 

o 99-99 



Diff. 

Hor. 

DifF. 

Hor. 

Diff. 

Hor. 

Elev. 

Bist. 

Elev, 

Bist. 

Elev. 

Bist. 

0.00 

99-97 

1.74 

99.88 

3-49 

99-73 

0.06 

99-97 

1.80 

99.87 

3-55 

99.72 

0.12 

99-97 

1.86 

99.87 

3.60 

99.71 

0.17 

99.96 

1.92 

99.87 

3.66 

99.71 

0.23 

99.96 

1-98 

99.86 

3-72 

99.70 

0-29 

99.96 

2.04 

99.86 

3-78 

99.69 

0-35 

99.96 

2.og 

99-85 

3-84 

99.69 

0-41 

99-95 

2.15 

99-85 

3-90 

99.68 

0-47 

99-95 

2.21 

99-84 

3-95 

99.68 

0.52 

99-95 

2.27 

99.84 

4.01 

99.67 

0.58 

99-95 

2-33 

99-83 

4.07 

99.66 

0.64 

99-94 

2.38 

99-83 

4.13 

99.66 

0.70 

99-94 

2.44 

99.82 

4.18 

99-65 

0.76 

99-94 

2.50 

99.82 

4.24 

99.64 

0.81 

99-93 

2.56 

99.81 

4-30 

99-63 

0.87 

99-93 

2.62 

99.81 

4.36 

99*63 

0.93 

99-93 

2.67 

99.80 

442 

99.62 

0.99 

99-93 

2.73 

99.80 

4.48 

99.62 

1.05 

99-92 

2.79 

99-79 

4 -S 3 

99.61 

I. II 

99-92 

2.85 

99-79 

4-59 

99.60 

1.16 

99.92 

2.91 

99.78 

4-65 

99-59 

1.22 

99-91 

2.97 

99-78 

4.71 

99-59 

1.28 

99-91 

! 3-02 

99-77 

4.76 

99-58 

1-34 

99.90 

3-08 

99-77 

4.82 

99-57 

1.40 

99,90 

3-14 

99.76 

! 4-88 

99-56 

I- 4 S 

99,90 

3.20 

99.76 

4.94 

99.56 

i-Si 

99.89 

3.26 

99-75 

4.99 

99-55 

1-57 

99.89 

3-31 

99-74 

5-05 

99-54 

1.63 

99.89 

3-37 

99*74 

5.11 ! 

99-53 

1.69 

99.88 

3-43 

99-73 

5-17 

99-52 

1.74 

99.88 

3-49 

99*73 

5-23 ! 

99-51 







0.0 1 

0.75 

0.02 

0 - 7 S 

0.03 

0.7s 


c =» 1.25. 1.25 0.02 1.25 0.03 1.2$ P.OS 1.25 0.08 

From ‘ Theory and Practice of Surveying,” by Prof. J. B, Johnson. By 
permission of the publishers, John Wiley & Sons, Inc., New York. 
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Table 24. — Horizontal Distances and Elevations from 
8tadia Readings — {Continued) 
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Table 24. — Horizontal Distances and Elevations from 


Stadia Reading.s — {Continued) 


8 ° 

9° 

10° 

11 ° 


Hor. 

Dill. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 


Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

o 

98.06 

13-78 

97-55 

15-45 

96.98 

17.10 

96.36 

18.73 

2 

98.05 

13.84 

97-53 

15-51 

96.96 

17.16 

96-34 

18.78 

4 

98.03 

13.89 

97-52 

15.56 

96.94 

17.21 

96.32 

18.84 

6 

98.01 

13-95 

97-50 

15.62 

96.92 

17.26 

96.29 

18.89 

8 

98.00 

14.01 

97.48 

15-67 

96. QO 

17.32 

96.27 

18.95 

lO 

97.98 

14.06 

97.46 

15-73 

96.SS 

17.37 

96.25 

19.00 

12 

97-97 

14.12 

97-44 

15-78 

96.86 

17.43 

96.23 

19.05 

14 

97 - 9 S 

14.17 

97-43 

15.84 

96.84 

17.48 

96.21 

19.11 

i6 

97-93 

14.23 

97.41 

15.89 

96.82 

17-54 

96.18 

19.16 

i8 

97.92 

14.28 

97-39 

15-95 

96.80 

17-59 

96.16 

19.21 

20 

97-90 

14-34 

97-37 

16.00 

96.78 

•17.65 

96.14 

19.27 

22 

97.88 

14.40 

97-35 

16.06 

96.76 

17.70 

96.12 

19.32 

24 

97.87 

14-45 

97-33 

16.11 

96.74 

17.76 

96.09 

19.38 

26 

97-85 

14.51 

97-31 

16.17 

96.72 

17.81 

96.07 

19-43 

28 

97-83 

14.56 

97.29 

16.22 

96.70 

17.86 

96.05 

19.48 

30 

97.82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.03 

19-54 

32 

97.80 

14.67 

97.26 

16-33 

96.66 

17.97 

96.00 

19-59 

34 

97-78 

14-73 

97.24 

16.39 

96.64 

18.03 

95-98 

19.64 

36 

97-76 

14.79 

97.22 

16.44 

96.62 

18.08 

95-96 

19.70 

38 

97-75 

14.84 

97.20 

16.50 

96.60 

18.14 

95-93 

19-75 

40 

97-73 

14.90 

97.18 

16.55 

9 ( 5-57 

18.19 

95-91 

19.80 

42 

97.71 

14-95 

97.16 

16.61 

9 ( 5-55 

18.24 

95-89 

19.86 

44 

97.69 

15.01 

97.14 

16.66 

96-53 

18.30 

95-86 

19.91 

46 

97.68 

15.06 

97.12 

i 16.72 

96.51 

18.35 

95-84 

19.96 

48 

97.66 

15.12 

97.10 

16.77 

96.49 

18.41 

95.82 

1 20.02 

SO 

97.64 

1S-17 

97.08 

16.83 

96.47 

18.46 

95-79 

20.07 

52 

97.62 

15-23 

97.06 

16.88 

96-45 

18.51 

95-77 

1 

i 20.12 

54 

97.61 

15.28 

97.04 

16.94 

96.42 

18.57 

95-75 

20.18 

S6 

97-59 

15-34 

97.02 

16.99 

96.40 

18.62 

95-72 

20.23 

58 

97-57 

15-40 

97.00 

17-05 

96.38 

18.C8 

95-70 

20.28 

60 

97-55 

15-45 

96.98 

17.10 

96-36 

18.73 

95-68 

20.34 

c = 0.75* 

0.74 

O.II 

0.74 

0.12 

0.74 

0.14 

0.73 

0.15 


0.99 

0.15 


||||QB9| 


0.18 

0.98 

0.20 

c = 1.25. 

1.23 

0.18 

1.23 

0.21 

1.23 

0.23 

1.22 

0,25 
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Table 24. — Horizontal Distances and Elevations froiA 


Stadia Readings — {Continued) 


1 _ __ .. 

13“ 

14° 

15“ 


Hor. 


mm 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 


Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

o 

95 -<>8 

20.34 

94 * 94 - 

21.92 

94*15 

23*47 

93*30 

25.00 

2 

95-65 

20.39 

94.91 

21.97 

94.12 

23*52 

93.27 

25*05 

4 

95-63 

20.44 

94.89 

22.02 

94.09 

23-58 

93.24 

25.10 

6 

95.61 

20.50 

94.86 

22.08 

94.07 

23.63 

93.21 

25*15 

8 

9 S-S 8 

20.55 

94.84 

22.13 

94.04 

23.68 

93-18 

25.20 

lO 

9 S-S 6 

20.60 

94.81 

22.18 

94.01 

23.73 

93-16 

25.25 

12 

9 S -53 

20.66 

94*79 

22.23 

93-98 

23.78 

93*13 

25*30 

14 

95-51 

20.71 

94-76 

22.28 

93-93 

23-83 

93.10 

25*35 

i6 

95-49 

20.76 

94.73 

22.34 

93*93 

23.88 

93*07 

25.40 

i8 

95-46 

20.81 

94.71 

22.39 

93*90 

23*93 

93*04 

25-45 

20 

95*44 

20.87 

94.68 

22.44 

93-87 

23*99 

93*01 

25.50 

22 

95-41 

20.92 

94.66 

22.49 

93-84 

24.04 

92.98 

25-55 

24 

95*39 

20.97 

94-63 

22.54 

93-81 

24.09 

92-95 

25.60 

26 

95-36 

21.03 

94.60 

22.60 

93-79 

24.14 

92.92 

25-65 

28 

95*34 

21.08 

94-58 

22.65 

93-76 

24.19 

92.89 

25.70 

30 

95-32 

21.13 

94-53 

22.70 

93-73 

24.24 

92.86 

25*75 

32 

95-29 

21.18 

94.52 

22.75 

93*70 

24.29 

92-83 

25.80 

34 

95-27 

21.24 

94.50 

22.80 

93.67 

24.34 

92.80 

25*85 

36 

95-24 

21.29 

94.47 

22.85 

93*65 

24.39 

92.77 

25.90 

38 

95-22 

21.34 

94.44 

22.91 

93.62 

24.44 

92.74 

25*95 

40 

95-19 

21.39 

94.42 

22.96 

93-59 j 

.24.49 

92.71 

26.00 

42 

95-17 

21.45 

94.39 

23.01 

93.56 

24.55 

92.68 

26.05 

44 

95-14 

21.50 

94.36 

23.06 

93*53 

24.60 

92.65 

26.10 

46 

95-12 

21.55 

94.34 

23.11 

93.50 

24.65 

92.62 

26.15 

48 

95-09 

21.60 

94.31 

23.16 

93*47 

24.70 

92.59 

26.20 

SO 

95-07 

21.66 

94.28 

23.22 

93.45 

24.7s 

92.56 

26.2s 

52 

95-04 

21.71 

94.26 

23.27 

93.42 

24.80 

92.53 

26.30 

54 

95.02 

21.76 

94.23 

23.32 

93.39 

24.85 

92.49 

26.3s 

56 

94-99 

21.81 

94.20 

23*37 

93*36 

24.90 

92.46 

26.40 

S8 

94-97 

21.87 

94.17 

23.42 

93*33 

24*95 

92.43 

26.45 

60 

94-94 

21.92 

94.15 

23.47 

93.30 

25.00 

92.40 

26.50 

c “ 0.7s . 

0-73 

0.16 

0-73 

0.17 

0.73 

0,19 

0.72 

0.20 

c * 1.00. 

0.98 

0.22 

0*97 

0.23 

0.97 

0.25 

0.96 

0.27 

c «= 1.25. 

1.22 

0.27 

1.21 

i 

0.29 

1. 21 

0,31 

1.20 

0.34 
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Table 24. — Horizontal Distances and Elevations from 
Stadia Readings — (Continued) 


II DUV. I Ekv. II bTsV. I Hiv. SsL I EkV. II bfai; I Ekv. 


o 92.40 

2 92.37 

4 92.34 

6 92.31 

8 92.28 

o 92.25 


26.50 91.4s 
26.55 91,42 
j 26.59 91-39 
26.64 91-35 
26.69 91*32 
26.74 91.29 



91.45 27.96 90.45 29.39 89.40 30.78 

91,42 28.01 90.42 29.44 89.36 30.83 

91.39 28.06 90.38 29.48 89.33 30.87 

91.35 28.10 90.35 29.53 89.29 30.92 

91.32 28.15 90.31 29.58 89.26 30.97 

91.29 28.20 90.28 29.62 89.22 31.01 

91.26 28.25 90.24 29.67 89.18 31.06 

91.22 28.30 90.21 29.72 89.15 31.10 

91.19 28.34 90.18 29.76 89.11 31.15 

91.16 28.39 90.14 29.81 89.08 31.19 

91.12 28.44 90.11 29.86 89.04 31.24 


2 92.06 

4 92.03 

6 92.00 

8 91-97 

o 91-93 

2 91.90 

4 91-87 

6 91.84 

8 91.81 

o 91-77 

2 91-74 

91-71 

91.68 

91-63 

o 91.61 

2 91-58 

4 91-55 

6 91.52 

8 91.48 

5 9M5 


27.04 91.09 28.49 90.07 29.90 89.00 31.28 

27.09 91.06 28.54 90.04 29.95 88.96 31.33 

27.13 91.02 28.58 90.00 30.00 88.93 31-38 

27.18 90.99 28.63 89.97 30.04 88.89 31.42 

27.23 90.96 28.68 89.93 30.09 88.86 31.47 

27.28 90.92 28.73 89.90 30.14 88.82 31.51 

27-33 90-S9 28.77 89.86 30.19 88.78 31.56 

27.38 90.86 28,82 89.83 30.23 88.75 31-60 

27.43 90.82 28.87 89.79 30.28 88.71 31.65 

27.48 90.79 28.92 89.76 30.32 88.67 31.69 

27.52 90.76 28.96 89.72 30.37 88.64 31.74 

27.57 90.72 29.01 89.69 30.41 88.60 31.78 

27.62 90.69 29.06 89.65 30.46 88.56 31.83 

27.67 90.66 29.11 89.61 30.51 88.53 31-87 

27.72 90.62 29.15 89.58 30.55 88.49 31.92 

27.77 90-59 29.20 89.54 30.60 88.45 31-96 


27.86 90.52 


29.25 89.51 30.65 88.41 32.01 
29.30 89.47 30.69 88.38 32.05 


27.91 90.48 29.34 89.44 30.74 88.34 32.09 

27.96 90.45 29.39 89.40 30.78 88.30 32.14 
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Table 24. — Horizontal Distances and Elevations from 


Stadia Readings— (( 7ort/ini66(i) 



20° 

21 

0 

22° 

* 3 “ 

Minutes. 

iFTor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Eiev. 

Dist. 

Elev. 

Dist. 

Elev. 

O 

88.30 

32.14 

87.10 

33-46 

85-97 

34-73 

84-73 

35.97 

2 

88.26 

32.18 

87.12 

33-50 

85-93 

34.77 

84.69 

36.01 

4 

88.23 

32.23 

87.0S 

33-54 

85.89 

34.82 

84.65 

36-05 

6 

88.19 

32.27 

87.04 

33-59 

85.8s 

85.80 

34.86 

84.61 

36.09 

8 

88.15 

32.32 

87.00 

33-63 

34.90 

84-57 

36-13 

lO 

88.11 

32.36 

86.96 

33-67 

85.76 

34.94 

84.52 

36-17 

12 

88 .o 3 

32.41 

86.92 

33-72 

85-72 

34-98 

84.48 

36.21 

14 

88,04 

32 - 4 S 

86.88 

33-76 

85.68 

35.02 

84.44 

36-25 

i6 

88.00 

32.49 

86.84 

33-^0 

85.64 

35-07 

84.40 

36.29 

i8 

87.96 

32.54 

86.80 

33-84 

85.60 

35-11 

84-35 

36-33 

20 

87-93 

32-58 

86.77 

33-89 

85-56 

35.15 

84.31 

36.37 

22 

87.89 

32-63 

86.73 

33-93 

8.5-52 

35-19 

84.27 

36.41 

24 

87.8s 

32.67 

86.69 

33-97 

85.48 

35-23 

84-23 

36.4s 

26 

87.81 

32.72 

86.65 

34.01 

85-44 

35-27 

84.18 

36.49 

28 

87.77 

32.76 

86.61 

34.06 

85.40 

35-31 

84.14 

36.53 

30 

87.74 

32.80 

86.57 

34-10 

85-36 

35-36 

84.10 

36.57 

32 

87.70 

32-^ 

86.53 

34-14 

85-31 

35.40 

84.06 

36.61 

34 

87.66 

32.89 

86.49 

34.18 

85-27 

35-44 

84.01 

36.65 

36 

87.62 

32.93 

86.45 

34-23 

85-23 

35-48 

83-97 

36.69 

38 

87.58 

32.98 

86.41 

34-27 

85.19 

35-52 

83-93 

36-73 

40 

87-54 

33-02 

86.37 

34-31 

85-15 

35-56 

83.89 

36.77 

42 

87-SI 

33-07 

86.33 

34-35 

85.11 

35-60 

83.84 

36.80 

44 

87-47 

33-11 

86.29 

34-40 

85.07 

35-64 

83.80 

36.84 

46 

87-43 

33-15 

86.25 

34-44 

85.02 

35-68 

83.76 

36.88 

48 

87-39 

33-20 

86.21 

34-48 

84.98 

35-72 

83.72 

36.92 

SO 

87-35 

33-24 

86.17 

34-52 

84.94 

35-76 

83.67 

36.96 

52 

87-31 

33-28 

86.13 

34-57 

84.90 

35-80 

83-63 

37-00 

54 

87.27 

33-33 

86.09 

34.61 

84.86 

35-85 

83-59 

37-04 

56 

87.24 

33-37 

86.05 

34-65 

84.82 

35-89 

83-54 

37-08 

S8 

87.20 

33.41 

86.01 

34-69 

84.77 

35-93 

83-50 

37-12 

60 

87.16 

33.46 

85-97 

34-73 

84-73 

35-97 

83-46 

37-16 

C = 0.7s. 

0.70 

0.26 

0.70 

0.27 

0.69 

0.29 

0.69 

0.30 

c = 1.00. 

0.94 

0.3s 

0.93 

0.37 

0.92 

0.38 

0.92 

0.40 

c » I. 2 S- 

1.17 

0*44 

1. 16 

0.46 

I-IS 

00 

d 

I.IS 

0.50 
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Table 24 . — Horizontal Distances and Elevations from 


Stadia Readings — {Continued) 


24 ° 

25 

0 

26“ 

27° ^ 


Hor. 

DifE. 

Ilor. 

Diff. 

Hor. 

Diff 

Hor. 

Diff. 


Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

o 

83.46 

37.16 

82.14 

38-30 

80.78 

39-40 

79-39 

40-45 

2 

83.41 

37.20 

82.09 

38-34 

80.74 

39-44 

79-34 

40.49 

4 

83-37 

37-23 

82.05 

38.38 

80.69 

39-47 

79-30 

40.52 

6 

83.33 

37.27 

82.01 

38.41 

80.65 

39-51 

79-25 

40.55 

8 

83.28 

37-31 

81.96 

38-45 

80.60 

39-54 

79.20 

40.59 

lO 

83.24 

37-35 

81.92 

38.49 

80.55 

39-58 

79-15 

40.62 

12 

83.20 

37-39 

81.87 

38-53 

80.51 

39.61 

79.11 

40.66 

14 

83.15 

37-43 

81.83 

38-56 

80.46 

39-65 

79.06 

40.69 

i6 

83.11 

37.47 

81.78 

38.60 

80.41 

39-69 

79.01 

40.72 

i8 

83.07 

37.51 

81-74 

38.64 

80.37 

39-72 

78.96 

40.76 

20 

83.02 

37-54 

81.69 

38.67 

80.32 

39-76 

78.92 

40.79 

22 

82.98 

37.58 

81.65 

38.71 

80.28 

39-79 

78.87 

40.82 

24 

82.93 

37.62 

81.60 

38.75 

80.23 

39-83 

78.82 

40.86 

26 

82.89 

37.66 

81.56 

38.78 

80.18 

39-86 

78.77 

40.89 

28 

82.85 

37-70 

^1.51 

38.82 

80.14 

39-90 

78.73 

40.92 

30 

82.80 

37.74 

81.47 

38.86 

80.09 

39-93 

78.68 

40.96 

32 

82.76 

37-77 

81.42 

38.89 

80.04 

39-97 

78-63 

40.99 

34 

82,72 

37.81 

81.38 

38.93 

80.00 

40.00 

78-58 

41.02 

36 

82.67 

37-85 

81.33 

38.97 

79-95 

40.04 

78-54 

41.06 

38 

82,63 ‘ 

37-89 

81.28 

39-00 

79-90 

40.07 

78-49 

41.09 

40 

82.58 1 

37-93 

81.24 

39-04 

79.86 

40,11 

78-44 

41.12 

42 

82.54 

37-96 

81.19 

39.08 

79-81 

40.14 

78.39 

41.16 

44 

82.49 

38.00 

81.15 

39-11 

79-76 

40,18 

78.34 

41.19 

46 

82.45 

38.04 

81.10 

39-15 

79.72 

40.21 

78.30 

41.22 

48 

82.41 

38.08 

81.06 

39.18 

79-67 

40.24 

78.25 

41.26 

50 

82.36 

38.11 

81. DI 

39.22 

79.62 

40.28 

78.20 

41.29 

52 

82.32 

38.15 

80.97 

39-26 

79-58 

40-31 

78.1s 

41-32 

54 

82.27 

38.19 

80.92 

39-29 

79-53 

40.3s 

78.10 

41-35 

56 

82.23 

38-23 

80.87 

39-33 

79.48 

40.38 

78.06 

41-39 

S8 

82.18 

38.26 

80.83 

39-36 

79-44 

40.42 

78.01 

41.42 

60 

82.14 

38.30 

80.78 

39-40 

79-39 

40.4s 

77.96 

41.45 

c = 0.75. 

0.68 

0.31 

0.68 

0.32 

0.67 

0.33 

0.66 

0.35 

C =s 1.00. 

0.91 

0.41 

0.90 

0.43 

0.89 

0-45 

0.89 

0.46 

c = 1.25. 

I»I 4 ' 

0.52 

1.13 

0.54 

1.12 

0,56 

1. 11 

0.58 
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Table 24 . — Horizontal Distances and Elevations from 


Stadia Readings — (Continued) 


28° 

29° 

30° 


Hor. 

Diff. 

Hor. 

DifT. 

iTor. 

Diff. 

Minutes 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

0 

77.96 

41.45 

76.50 

42.40 

75.00 

43.30 

2 

77-91 

41.48 

76-45 

42.43 

74-95 

43.33 

4 

77.86 

41.52 

76.40 

42.46 

74.90 

43-36 

6 

77.81 

41.55 

76-35 

42.49 

74-85 

43.39 

8 

77-77 

41.58 

76.30 

42.53 

74.80 

43.42 

10 

77.72 

41.61 

76.25 

42.56 

74-75 

43-45 

12 

77.67 

41-65 

76.20 

42-59 

74.70 

43.47 

14 

77.62 

41.68 

76.15 

42.62 

74-65 

43.50 

16 

77.57 

41.71 

76.10 

42.63 

74.60 

43.53 

18 

77-52 

41.74 

76-05 

42.68 

74-55 

43-56 

20 

77-48 

41.77 

76.00 

42.71 

74-49 

43.59 

22 

77-42 

41.81 

75-95 

42.74 

74-44 

43.62 

24 

77-38 

41.84 

75.90 

42.77 

74-39 

43-65 

26 

77.33 

41.87 

75-85 

42.80 

74-34 

43.67 

28 

77.28 

41.90 

75-80 

42.83 

74.29 

43.70 

30 

77.23 

41.93 

75.75 

42.86 

74-24 

43.73 

32 

77.18 

41.97 

75.70 

42.89 

74.19 

43.76 

34 

77.13 

42.00 

75-65 

42.92 

74.14 

43.79 

36 

77.09 

42.03 

75.60 

42.95 

74-09 

43.82 

38 

77.04 

42.06 

75.55 

42.98 

74-04 

43.84 

40 

76.99 

42,09 

75.50 

43.01 

73-99 

43.87 

42 

76.94 

42.12 

75.4s 

43*04 

73-93 

43.90 

44 

76.89 

42.15 

75.40 

43.07 

73-88 

43.93 

46 

76.84 

42.19 

75.3s 

43.10 

73-83 

43-95 

48 

76.79 

42.22 

7S.3O 

43.13 

73-78 

43.98 

50 

76.74 

42.2s 

7 S. 2 S 

43.16 

73-73 

44.01 

52 

76.69 

42.28 

75.20 

43.18 

73-68 

44.04 

54 

76.64 

42.31 

75.1S 

43.21 

73-63 

44.07 

56 

76.59 

42.34 

75.10 

43.24 

73-58 

44.09 

58 

76.5s 

42.37 1 

75.05 

43.27 

73-52 

44.12 

60 

76.50 

42.40 

75.00 

43.30 

73-47 

44.15 

c « 0 . 7 S- . 

0.66 

0.36 

0.65 

0.37 

0.65 

0.38 

C «* 1.00. . 

0.88 

0.48 

0.87 

0.49 

0.86 

0.51 

c « 1.25. . 

1. 10 

0.60 

1.09 



0.64 
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Table 25. — Squares, Cubes, Square and Cube Roots, Cir- 
cumferences, AND Areas 



1.000000000 
.500000000 
.333333333 
.250000000 
.200000000 
.1GCC66GC7 
.142857113 
.125000000 
.111111111 
.100000000 
.090909091 
.083333333 
.076923077 
.071428571 
.066666667 
.062500000 
.058823529 
.055655556 
.a52631579 
.050000000 
.017619048 
.045454545 
.043478201 
.041660667 
.040000000 
.038461538 
.037037037 
.035714286 
.034482759 
.033333333 
.032258065 
.031250000 
.030303030 
.029411765 
.028571429 
.027777778 
.027027027 
.026315789 
.025641026 
.025000000 
.024390244 
.023809524 
.023255814 
.022727273 
.022222222 
.021739130 
.021276600 
.020833333 
.020408163 
.020000000 
.019607848 
.019230769 
.018867925 , 
.018518519 
.018181818 


3.1416 
6.2832 
9.4248 
12.5664 
15.7080 
18.850 
21.991 
25.133 
28.274 
81.416 
81.558 
87.699 
40.841 
43.982 
47.124 
50.265 
53.407 
56.549 
59.690 
62.832 
65.973 
69.115 
72.257 
75.398 
78.540 
81.681 
81.823 
87.965 
91.106 
94.248 
97.389 
100.53 
103.67 
106.81 
109.96 I 

113.10 ' 
116.24 
119.38 
122.62 
125.66 
128.81 
131.95 
135.09 
188.23 
141.87 
144.51 
147.65 
150.80 
153.94 
1157.08 
160.22 
163.86 
166.60 


0.7854 

3.1416 

7.0686 

12.5664 

19.635 

28.274 

88.485 

60.266 

63.617 

78.540 

95.033 

113.10 
132.73 
158.94 
176.71 
201.06 
226.98 

254.47 
283.63 
814.16 
346.36 
880.13 

415.48 
452.39 
490.87 
530.93 
672.66 
615.75 
660.52 
706.86 
7,54.77 
804.25 
855.30 
907.92 

962.11 
1,017.88 
1,076.21 

1,134.11 
1,194.69 
1,256.64 
1,820.26 
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Table 25. — Squares, Cubes, Square and Cube Roots, Cir- 
cumferences, AND Areas — (Contmued) 


Ko. 

Bquaro 

Cube 

Sq. Root 

Ga. Root 

Reciprocal 

Clroiun 

Area 

56 

8,136 

175,616 

7.4833 

3.8259 

.017 a 57143 

175.93 

2,463.01 

67 

8,249 

186,193 

7.5498 

3.8485 

.017543860 

179.07 

2,551.76 

68 

8,364 

195,112 

7.6158 

3.8709 

.017241379 

182.21 

2,642.08 

59 

8,481 

205,379 

7.6811 

3.8930 

.016949153 

185.35 

2,733.97 

60 

8,600 

216,000 

7.7460 

3.9149 

.01666(3667 

188.50 

2,827.43 

61 

8,721 

226,981 

7.8102 

3.9365 

.016393413 

191.64 

2,922.47 

62 

8,844 

238,328 

7.8740 

3.9579 

.01(3129032 

194.78 

3,019.07 

63 

8,969 

250,047 

7.9373 

3.9791 

.015873016 

197.92 

8,117.25 

64 

4,096 

262,144 

8.0000 

4.0000 

.01562,5000 

201.06 

3,216.99 

65 

4.225 

274,625 

8.0623 

4.0207 

.015384615 

204.20 

8,318.31 

66 

4,356 

287,496 

8.1210 

4.0412 

.015151515 

207.34 

3,421.19 

67 

4,489 

800,763 

8.1854 

4.0615 

.014925373 

210.49 

3,525.65 

68 

4,624 

314,432 

8.24 G 2 

4.0817 

.014705882 

213.63 

3,()31.68 

69 

4,761 

828,509 

8.3066 

4.1016 

.014492754 

216.77 

3.739.28 

70 

4,900 

843,000 

8. 3660 

4.1213 

.011285714 

219.91 

8,848.45 

71 

6,041 

a 57,911 

8.42 (;i 

4.1408 

.014084517 

223.05 

3,959.19 

72 

6,184 

873,248 

8.4853 

4.1602 

.013888889 

226.19 

4,071.50 

73 

6,329 

889,017 

8.5440 

4.1793 

.013(398630 

229.34 

4, m 5.39 

74 

6,476 

405,224 

8.6023 

4.1983 

.013518514 

232.48 

4,300.84 

75 

6,625 

421,875 

8.6603 

4.2172 

.013333333 

235.62 

4,417.86 

76 

6,776 

438,976 

8.7178 

4.2358 

.013157895 

238.76 

4,536.46 

77 

6,929 

456,533 

8.7750 

4.2543 

.012987013 

241 .90 

4,656.63 

78 

6,084 

474,552 

8.8318 

4.2727 

.012820513 

245.04 

4,778.36 

79 

6,241 

493,039 

8.88 S 2 

4.2908 

.012658228 

248.19 

4,901.67 

60 

6,400 

612,000 

8.9143 

4,3089 

.012500000 

251.33 

5,026.65 

81 

6,561 

531,441 

9.0000 

4.3267 

.012345679 

2 rvl .47 

6,153.00 

82 

6,724 

651,368 

9.0554 

4.3445 

.012195122 

257.61 

5,281.02 

63 

6,889 

671,787 

9.1104 

4.3621 

.012018193 

260.75 

5,410.61 

84 

7,056 

692,704 

9.1652 

4.3795 

.011904762 

263.89 

5,541.77 

85 

7,225 

614,125 

• 9.2195 

4.3968 

.0117(34706 

267.04 

6,674.50 

66 

7,396 

636, a 56 

9.2736 

4.4140 

.011627907 

270.18 

6.808.80 

87 

7,569 

658,503 

9.3274 

4.4310 

.011494253 

273.32 

5,944.68 

88 

7,744 

681,472 

9.3808 

4.4480 

.011363636 

276.46 

6,082.12 

89 

7,921 

704,969 

9.4340 

4.4647 

.( M 1235955 

279.60 

6,221.14 

90 

8,100 

729,000 

9.4868 

4,4814 

.011111111 1 

282.74 

6,361.73 

ei 

8,281 

753,571 

9.5394 

4.4979 

.010989011 

285.88 

6,503.88 

92 

8,464 

778,688 

9.5917 

4.5144 

.010869565 

289.03 

6,647.61 

93 

8,649 

804, a 57 

9.6437 

4.5307 

.010752688 

292.17 

6,792.91 

94 

8,836 

830,584 

9.6954 

4.5468 

.010638298 

295.31 

6,939.78 

95 

9,025 

857,376 

9.7468 

4.6629 

.010526316 

298.45 

7,088.22 

96 

9,216 

884,736 

9.7980 

4.5789 

.010416667 

801.59 

7,238.23 

97 

9,409 

912,673 

9.8489 

4.6947 

.010309278 

304.73 

7.389.81 

98 

9,604 

941,192 

#.8995 

4.6104 

.010204082 

307.88 

7,542.96 

99 

9,801 

970,299 

9.9499 

4.6261 

.010101010 

311.02 

7,697.69 

100 

10,000 

1,000,000 

10.0000 

4.6416 

,010000000 

314,16 

7,853.98 

101 

10,201 

1,030,301 

10.0499 

4.6570 

.009900990 

317.30 

8,011.86 

102 

10,404 

1,061,208 

10.0995 

4.6723 

.009803922 

320.44 

8,171.28 

103 

1 10,609 

1,092,727 

10.1489 

4.6875 

.009708738 

323.58 

8,332.29 

104 

10,816 

1,124,864 

10.1980 

4.7027 

.009615385 

326.73 

8,494.87 

105 

11,025 

1,157,625 

10.2470 

4.7177 

.009523810 

329.87 

8,659.01 

106 

I 11,236 

1,191,016 

10.2956 

4.7326 

.009433962 

333.01 

8,824.78 

107 

11,449 

1,226,043 

10.3441 

4.7475 

.009345794 

336.15 

8,992.02 

108 

11,664 

1,259,712 

10.3923 

4.7622 

.009259259 

339.29 

9,160.88 

109 

11,881 

1,295,029 

10.4403 

4.7769 

.009174312 

&42.43 

9,381.32 

no 

12,100 

1,381,000 

10.4881 

4.7914 

.009090909 

845.58 

9,503.32 

111 

12,321 

1^7,631 

10.5357 

4.8059 

.009009009 

348.72 

9,676,89 

112 

12,644 

1»«)4,928 

10.5830 

4.8203 

.00892&571 

a 5 l .86 

9,862.03 


12,769 

1,442,897 

10.6301 

4.8346 

.008849558 

a 55.00 

10,028.76 

ill 

12,996 

1,481,544 

10.6771 

4.8488 

.008771930 

858,14 

10,207.03 

115 

18,225 

1,620,875 

10.7238 

4.8629 

.008695652 

861.28 

10,386.89 

115 

13,456 

1,560,896 

10.7708 

4.8770 

.008620690 

364.42 

10,568.32 

J 17 

13,689 

1,601,613 

10.8167 

4.8910 

.008547009 

m . b 7 

10,761.82 

118 

13,924 

1,643,032 

10.8628 

4.9049 

.008474576 

870.71 

10,935^ 
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Table 25. — Squares, Cubes, Square and Cube Roots, Cir- 
cumferences, AND Areas — {Continued) 


No. Square Cube Sq. Boot 


119 14,161 1,685,159 10.9087 

120 1 11,400 1,728,000 10.9545 

121 14,641 1,771,561 11.0000 

122 14,884 1,815,848 11.0454 

123 15,129 1,860,867 11.0905 

124 15,376 1,906,624 11.1355 

125 15,625 1,953,125 11.1803 

126 15,876 2,000,376 11.2250 

127 16,129 2,048,383 11.2694 

128 16,384 2,097,152 11.3137 

129 16,641 2,146,689 11.3578 I 

130 16,900 2,197,000 11.4018 | 

131 17,161 2,248,091 11.4455 

132 17,424 2,299,968 11.4891 

133 17,689 2,352,637 11.5.326 

134 17,956 2,406,104 11.5758 

135 18,225 2,460,375 11.6100 

136 18,496 2,515,456 11.6619 

137 18,769 2,571,353 11.7047 

138 19,044 2,628,072 11.7473 

139 19,321 2,685,619 11.7898 

140 19,600 2,744.000 11.8322 

141 19,881 2,803,221 11.8743 

142 20,164 2,863,288 11.9164 

143 20,449 2,924,207 11.9583 

144 20,736 2,9a5.984 12.0000 

145 21,025 3,048,625 12.0416 

146 21,316 8,112,136 12.0a30 

147 21,609 3,176,523 12.1244 

148 21,904 3,241,792 12.1655 

149 22,201 3,307,949 12.2066 

150 22,500 8,375,000 12.2474 

151 22,801 8,442,951 12.2882 

152 23,104 8,511,008 12.3288 

153 23,409 8,581,577 12.3093 

154 23,716 3,652,264 12.4097 

155 24,025 3,723,875 12.4499 

156 24,336 8,796,416 12.4900 

157 24,649 3,869,893 12.5300 

158 24,964 8,944,312 12.5698 

159 25,281 4,019,679 12.6095 

160 25,600 4,096,000 12.6491 

161 25,921 4,173,281 12.6886 

162 26,244 4,251,528 12.7279 

163 26,569 4,330,747 12.7671 

164 26,896 4,410,944 12.8062 

165 27,225 4,492,125 12.8452 , 

166 27,556 4,674,296 12.8811 

167 27,889 4,657,463 12.9228 

168 28,224 4,741,632 12.9615 

169 28,561 4,826,809 13.0000 

170 28,900 4,913,000 13.9384 

171 29,241 6,000,211 13.0767 

172 29,684 6,088,448 13.1149 

173 29,929 6,177,717 13.1529 

174 80,276 5,268,024 13.1909 

176 80,625 6,359,375 13.2288 

176 80,976 6,461,776 13.2665 

177 31,329 6,645,233 13.3041 

178 31,684 6,639,762 13.8417 

179 32,041 6 , 786,389 18 . 37$1 

180 82,400 6,832,000 13.4164 

181 32,761 6 , 929,741 13,4586 


Cu. Root Reciprocal Circum. Area 


4.9187 .008403361 873.85 11,122.02 

4.9324 .(K)8333333 376.99 11,309.73 

4.9461 .008264403 380.13 11,499.01 

4.9597 .008196721 883.27 11,689.87 

4.9732 .008130081 386.42 11,882.29 

4.9866 .008064516 389.56 12,076.28 

6.0000 .008000000 392.70 12,271.85 

6.0133 .007936508 395.84 1 2,468.98 

6.0265 .007874016 898.98 12,667.69 

5.0397 .007812500 402.12 12,867.96 

5.0528 .007751938 405.27 13,069.81 

5.0658 .007692308 408.41 13,273.23 

6.0788 .007633588 411.55 13,478.22 

5.0916 .007575758 414.69 13,684.78 

6.1015 .007518797 417.83 13,892.91 

6.1172 .007462087 420.97 14,102.61 

5.1299 .007407407 421.12 14,313.88 

6.1426 .007352941 427.26 14,526.72 

6.1551 .007299270 430.40 14,741.14 

5.1676 .007240377 43:1.54 14,957.12 

5.1801 .007194245 436.68 15,174.68 

5.1925 .007142857 439.82 15,393.80 

5.2018 .007092199 442.96 15,614.50 

6.2171 .007(V1225-1 416.11 15,836.77 

6.2293 .000903007 449.25 16,060.61 

6.2415 .OOGllM^M 452.89 16,286.02 

5.2536 .006896552 455.53 16,613.00 

6.2656 .006849315 458.67 16,741.65 

6.2776 .006802721 461.81 16,971.67 

6.2896 .006756757 464.96 17,203.36 

6.3016 .006711409 468.10 17,436.62 

6.3133 .006666667 471.24 17,671.46 

6.:{251 .006622517 474.38 17,907.86 

6.3368 .006578947 477.52 18,145.84 

6.3485 .0005:35948 480.66 18,385.89 

6.3601 .006493506 483.81 18,626.60 

6.3717 .006451613 486.95 18,869.19 

6.3832 .006410256 490.09 19.113.46 

6.3947 .006369427 493.23 19,359.28 

5.4061 .006329114 496.37 19,606.68 

6.4175 .006289308 499.51 19,855.65 

6.4288 .006250000 602.65 20,106.19 

6.4401 .006211180 605.80 20,358.31 

5.4514 .006172840 608.94 20,611.99 

6.4626 .006134969 612.08 20,867.24 

6.4737 .006097561 615.22 21,124.07 

6.4848 .006060606 618.36 21,382.46 

6.4959 .006024096 621.50 21,642.43 

6.5069 .005988024 624.65 21,903.97 

5.6178 .005952381 627.79 22,167.08 

6.5288 .005917160 630.93 22,431.76 

6.6397 .005882353 634.07 22,698.01 

6.6505 .005847953 637.21 22,965.83 

6.5613 .005818953 640.35 23,235.22 

6.6721 .005780347 643.50 23,506.18 

6.5828 .005747126 646.64 23,778.71 

6.5934 .005714286 649.78 24,05X82 

6.6041 .005681818 662.92 24,328.49 

6.6147 .005649718 666.06 24,606.74 

6.6252 .005617978 659.20 24,884.66 

6.6357 .005586592 662.36 25,164.04 

6.6462 .006556666 565.49 25,446.90 

5.6567 .006524862 563.68 A730.48 
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Tabi.e 25. — Squares, Cubes, Square and Cube Roots, Cir- 
cumferences, AND Areas — (Continued) 


6 , 028,568 

6 , 128,487 

6 , 229,504 

6 , 381,625 

6 , 434.856 

6 , 539,203 

6 , 644,672 

6 , 751,269 

6 . 859.000 
6 , 967,871 
7 , 077,888 
7 , 189,017 
7 , 301,384 
7 , 414,875 
7 , 529,536 
7 , 645,373 
7 , 762,392 
7 , 880,599 
8,000,000 
8 , 120,601 
8 , 242,408 
8 , 365,427 
8 , 489,664 
8 , 615,125 
8 , 741,816 
8 , 869,743 
8 , 998.912 
9 , 129,329 

9 . 261.000 
9 , 393,931 
9 , 528,128 
9 , 663,597 
9 , 800,344 
9 , 938,375 

10 , 077,696 

10 , 218,313 

10 , 360,232 

10 , 503,459 

10 . 648.000 
10 , 793,861 
10 , 941,048 
11 , 089,567 
11 , 239,424 
11 , 390,625 
11 , 548,176 
11 , 697,083 
11 , 852,352 
12 , 008,989 

12 . 167.000 
12 , 826,391 
12 , 487,168 
12 , 649,337 
12 , 812,904 
12 , 977,875 
18 , 144.266 
18312,058 
13 , 481,272 
18 , 651,919 

18 . 824.000 
18 , 997,621 
14 , 172,488 
14 , 848,907 
14 , 626,784 


Bq. Root On. Root Reciprooal 


.005494505 
.005464481 
.005434783 
I .005405405 
.005376344 
.005347594 
.005319149 
.005291005 
.005263158 
.005235602 
.005208333 
.005181347 
.005154639 
.005128205 
.005102041 
.005076142 
.005050505 
.005025126 
.005000000 
.004975124 
.004950495 
.004926108 
.004901961 
.004878049 
.004854369 
.004830918 
.004807092 
.004784689 
.004761905 
.004739336 
.004716981 
.004694836 
.004672897 
.004651163 
.004629630 
.004608295 
.004587156 
.004666210 
.004545455 
.004524887 
.004504505 
.004484305 
.004464286 
.004444444 
.004424779 
.004405286 
.004385965 
.001866812 
.004347826 
.004329004 
,004310345 
.004291845 
.004278604 
.004255819 
.004287288 
.004219409 
.004201681 
.004184100 
.004166667 
.004149378 
.004182281 
.004115226 
.004008861 


20 . 015.63 
26 , 802.20 
26 , 690.44 

26 . 880.25 

27 . 171.63 
27 , 464.69 

27 . 759.11 
28 , 056,21 
28 , 352.87 

28 . 652.11 

28 . 952.92 
29 , 255.80 

29 . 559.25 

29 . 864.77 

30 . 171.86 

80 . 480.62 
80 , 790.75 

31 . 102.56 

31 . 415.93 

81 . 730.87 
32 , 047.39 

32 . 366.47 

82 . 685.13 
83 , 006.36 
33 , 829.16 

33 . 653.53 

33 . 979.47 

84 . 306.98 

84 . 636.06 

34 . 906.71 

86 . 298.94 
36 , 632.73 
35 , 968.09 
86 , 305.03 

86 . 648.54 

36 . 983.61 

37 . 825.26 

37 . 668.48 

88 . 013.27 

38 . 359.63 

38 . 707.56 

39 . 057.07 

39 . 408.14 

39 . 760.78 

40 . 116.00 

40 . 470.78 

40 . 828.14 

41 . 187.07 

41 . 647.56 

41 . 909.63 

42 . 273.27 

42 . 638.48 
43 , 005.26 

43 . 873.61 

48 . 748.64 

44 . 116.08 

44 . 488.00 

44 . 862.78 

45 . 288.98 

45 . 616.71 
45 , 996.06 

46 . 876.98 
46 , 769.47 
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Table 25. — Squabes, Cubes, Square and Cube Roots, Cib- 
cuMPERENCES, AND Areas — {Continued) 


Bq. Root Gu. Root Reciprocal Cironm. 



14.706.125 
14,886,936 
16,069,223 
16,252,992 
15,438,249 

15.625.000 
16,813,251 
16,003,008 
16,194,277 
16,887,064 

16.581.375 
16,777,216 
16,974,593 
17,173,612 
17,373,979 

17.576.000 
17,779,681 
17,984,728 
18,191,447 
18,399,744 

18.609.625 
18,821,096 
19,034,163 
19,248,832 
19,465,109 

19.683.000 
19,902,611 
20,123,643 
20,346,417 
20,570,824 
20,796,875 
21,024,576 
21,253,933 
21,484,952 
21,717,639 

21.952.000 
22,188,041 
22,425,768 
22,665,187 
22,906,804 

23.149.125 
23,393,656 
28,639,903 
23,887,872 
24,137,569 
24,389 000 
24,642,171 
24,897,088 
25,163,757 
25,412,184 

25.672.375 
25,934,836 
26,198,073 
26,463,592 
26,780,899 
27,000,000 
27,270,901 
27,548,608 
27,818,127 
28,094,464 

28.872.625 
28,652,616 
28,964,443 


.004081633 

.004065041 

.004048583 

.004032258 

.004016064 

.004000000 

.003984064 

.003968254 

.003952569 

.003937008 

.003921569 

.0a390G250 

.003891051 

.003875969 

.003861004 

.003846154 

.003831418 * 

.003816794 i 

.003802281 I 

.003787879 

.003773585 

.003759398 I 

.003745318 

.003731343 ! 

.003717472 

.003703704 

.003690037 

.003676471 i 

.003663004 I 

.003649635 

.003636364 

.003623188 I 

.003610108 

.003597122 

.003584229 

.003571429 

.003558719 

.003546099 

.003533569 

.003522127 

.003508772 

.003496503 

.003484321 

.003472222 

.003460208 

.003448276 

.003436426 

.003424658 

.(X)3412969 

.003401361 

.003389831 

.003378878 

.003367003 

.003356705 

.003344482 

.003333333 

.003322259 

.003311258 

.003801330 

.003289474 

.008278689 

.003267974 

.003257329 


47.143.62 
47,629.16 
47,916.36 

48.305.18 

48.695.47 

49.087.89 

49.480.87 

49.875.92 

60.272.55 

50.670.73 
51,070.52 

61.471.85 
51.874.76 

62.279.24 

62.685.29 

63.092.92 

53.502.11 

63.912.87 

64.325.21 

64.739.11 

65.154.59 

66.571.63 

66.990.25 

56.410.44 
56,832.20 

67.255.63 

57.680.48 

68.106.90 
68,534.94 

68.964.55 

69.895.74 

69.828.49 
60,262.82 
60,698.71 

61.136.18 

61.575.22 
62,016.82 
62,458,00 

62.901.75 

63.347.07 
63,793.97 
64,242.43 
64,692.46 

65.144.07 
65,597.24 
66,a51.99 

66.508.30 

66.966.19 

67.425.65 
67,886.68 
68,349.28 

68.813.45 

69.279.19 

69.746.60 
70,215.38 
70,685.83 

71.167.86 

71.631.45 
72,106.62 

72.583.86 

73.061.66 
73,541.54 
74,022.99 
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Table 25. — Squares, Cubes, Scjuare and Cube Roots, Cir- 
cumferences, AND Areas — {Continued) 


Ko. 

Square 

Cube 

Sq. Root 

Cu . Root 

308 

94,864 

29 , 218,112 

17.5499 

6.7533 

309 

95,481 

29 , 503,629 

17.5784 

6.7606 

310 

96,100 

29 , 791,000 

17.6068 

6.7679 

311 

96,721 

30 , 080 , 2,31 

17.6352 

6.7752 

312 

97,344 

30 , 371,328 

17.6635 

6.7824 

813 

97,969 

30 , 664,297 

17.6918 

6.7897 

814 

98,596 

30 , 959,144 

17.7200 

6.7969 

315 

99,225 

31 , 255,875 

17.7482 

6.8041 

316 

99,856 

31 , 554,496 

17.7764 

6.8113 

317 

100,489 

81 , 855,013 

17.8045 

6.8185 

318 

101,124 

32 , 157,432 

17.8326 

6.8256 

319 

101,761 

82 , 461,759 

17.8606 

6.8328 

320 

102,400 

82 , 768,000 

17.8885 

6 . a 399 

321 

103,041 

33 , 076,161 

17.9165 

6.8470 

322 

103,684 

33 , 386,248 

17.9444 

6.8541 

323 

104,329 

33 , 698,267 

17.9722 

6.8612 

324 

104,976 

84 , 012,224 

18.0000 

6.8683 

325 

105,625 

84 , 328,125 

18.0278 

6.8753 

326 

106,276 

34 , 645,976 

18.0555 

6.8824 

327 

106,929 

34 , 965.783 

18.0831 

6.8894 

328 

107,584 

85 , 287,552 

18.1108 

6.8901 

329 

108,241 

35 , 611,289 

18.1384 

6.9034 

330 

108,900 

35 , 937,000 

18.1659 

6.9104 

831 

109,561 

86 , 264,691 

18.1934 

6.9174 

332 

110,224 

86 , 594,368 

18.2209 

6.9244 

333 

110,889 

86 , 926,037 

18.2483 

6.9313 

334 

111,656 

37 , 259,704 

18.2757 

6 . 9:182 

335 

112,225 

87 , 595,375 

18.3030 

6.9451 

336 

112,896 

87 , 93 ; i ,056 

18.3303 

6.9521 

337 

113,569 

38 , 272,753 

18.3576 

6.9589 

838 

114,244 

88 , 614,472 

18.3848 

6.9658 

339 

114,921 

88 , 958,219 

18.4120 

6.9727 

840 

115,600 

89 , 304,000 

18.4391 

6 9795 

341 

116,281 

39 , 651,821 

18.4662 

6.9864 

342 

116,964 

40 , 001,688 

18.4932 

6.9932 

343 

117,649 

40 , 353,607 

18.5203 

7.0000 

344 

118,336 

40 , 707,584 

18.5472 

7.0068 

345 

119,025 

41 , 063,625 

18.5742 

7.0136 

346 

119,716 

41 , 421,736 

18.6011 

7.0203 

347 

120,409 

41 , 781,923 

18.6279 

7.0271 

343 

121,104 

42 , 144,192 

18.6548 

7.0338 

349 

121,801 

42 , 508,549 

18.6815 

7.0406 

350 

122,500 

42 , 875,000 

18.7083 

7.0473 

351 

123,201 

43 , 243,551 

18.7350 

7.0540 

352 

123,904 

43 , 614,208 

18.7617 

7.0607 

853 

124,609 

43 , 986,977 

18.7883 

7.0674 

354 

125,316 

44 . 361,864 

18.8149 

7.0740 

355 

126,025 

44 , 738,875 

18.8414 

7.0807 

856 

126,736 

45 , 118,016 

18.8680 

7.0873 

357 

127,449 

45 , 499,298 

18.8944 

7.0940 

358 

128,164 

45 , 882,712 

18,9209 

, 7.1006 

859 

128,881 

46 , 268,279 

18.9473 

! 7.1072 

360 

129,600 

46 , 656,000 

18.9737 

7.1138 

861 

130,321 

47 , 045,881 

19.0000 

7.1204 

862 

131,044 

47 , 437,928 

19.0263 

7.1269 

868 

131,769 

47 , 832,147 

19.0526 

7.1335 

864 

132,496 

48 , 228,544 

19.0788 

7.1400 

865 

133,225 

48 , 627,125 

19.1050 

7.1466 

366 

183,956 

49 , 027,896 

19.1811 

7.1531 

867 

134,689 

49 , 480,863 

19.1572 

7,1696 

868 

135,424 

49 , 836,032 

19.1833 

7.1661 

369 

136.161 

60 , 243,409 

19.2094 

7.1726 

870 

186,900 

60 , 668,000 

19.2354 

7.1791 


Reciprocal 


.003246753 

.003236246 

.003225806 

.003215434 

.003205128 

.003194888 

.003184713 

.003174603 

.003164557 

.003154574 

.003144654 

.003134796 

.003125000 

.003115265 

.003105590 

.003095975 

.003086420 

.003076923 

.003067485 

.003058104 

.003048780 

.003039514 

. 00-3030303 

.003021148 

.003012048 

.003003003 

.002994012 

.002985075 

.002976190 

.002967359 

.002958580 

.002949853 

.002941176 

.002932551 

.002923977 

.002915452 

.002906977 

.002898551 

.002890173 

.002881844 

. 00287 a 563 

.002865330 

.002857143 

.002849003 

.002840909 

.002832861 

.002824859 

.002816901 

.002808989 

.002801120 

.002793296 

.002785515 

.002777778 

.002770083 

.002762431 

.002754821 

.002747253 

.002739726 

.002732240 

.002724796 

.002717391 

.002710027 

.002702703 


Ciroum. 


967.61 

970.75 

973.89 

977.04 

980.18 

983.32 

986.46 

989.60 

992.74 

995.88 

999.03 

1 , 002.17 

1 , 005.31 

1 , 008.45 

1 , 011.59 

1 . 014.73 
1 , 017.88 
1,021.02 
1 , 024.16 
1 , 0 - 27.30 
1 , 030.44 

1 . 033.58 

1 . 036.73 
1 , 039.87 
1 , 043.01 
1 , 016.15 
1 , 049.29 
1 , 052.43 

1 . 055.58 
1 , 058.72 
1 , 061.86 
1 , 065.00 
1 , 068.14 
1 , 071.28 

1 . 074.42 
1 , 077.57 
1 , 080.71 
1 , 083.85 
1 , 086.99 
1 , 090.13 

1 . 093.27 

1 . 096.42 
1 , 099.56 
1 , 102.70 
l , ia 5.84 
1 , 108.98 
1 , 112.12 

1 . 115.27 
1 , 118.41 
1 , 121.55 
1 , 124.69 
1 , 127.83 
1 , 130.97 

1 . 134.11 
1 , 137.26 
1 , 140.40 
1 , 143.54 
1 , 146.68 
1 , 149.82 
1 , 152.96 

1 . 156.11 
1 , 159.25 
1 , 162.39 


Area 


74 . 506.01 

74 . 990.60 

75 . 476.76 
75 , 964.50 

76 . 453.80 

76 . 944.67 

77 . 437.12 

77 . 931.13 

78 . 426.72 

78 . 923.88 

79 . 422.60 
79 , 922.90 

80 . 424.77 

80 . 928.21 

81 . 433.22 

81 . 939.80 

82 . 447.96 

82 . 957.68 
83 , 468.98 

83 . 981.84 

84 . 496.28 

6 5 . 012.28 

85 . 529.86 

86 . 049.01 

86 . 569.73 

87 . 092.02 

87 . 615.88 

88 . 141.31 

88 . 668.31 

89 . 196.88 

89 . 727.03 

90 . 258.74 

90 . 792.03 

91 . 326.88 

91 . 863.31 

92 . 401.31 

92 . 940.88 
93 , 482.02 
94 , 024.73 
94 , 569.01 

95 . 114.86 

95 . 662.28 

96 . 211.28 

96 . 761.84 

97 . 313.97 

97 . 867.68 
98 , 422.96 

98 . 979.80 

99 . 538.22 
100 , 098.21 

100 , 659.77 
101 , 222.90 

101 . 787.60 
102 , 353.87 
102 , 921.72 

103 , 491.13 
104 , 062.12 
104 , 634.67 

105 , 208.80 
105 , 784.49 
106 , 361.76 

106 . 940.60 
107 , 621.01 
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Table 25 . — Squvjieb, Clber, Square akd Cube Routb, Cir- 
C U Ar E I']R]v: N CES, AJVD AliEA B — ( Conti nucd) 


No. 

Square 

Cnbo 

Hq. Root. 

Cu. Root 

1 

Rociprfwal 

Cirouxn. 


371 

137,641 

51,061.811 

19.2614 

7.1855 

.002095418 

1,165.63 

108,102.99 

372 

138,384 

51,178.848 

19.2873 

7.1920 

.002688172 

1,168.67 

108,686.64 

873 

] 39, 129 

51,895,117 

19.3132 

7.1984 

.002680965 

1,171.81 

109,271.66 

374 

139,876 

.52,313,621 

19.3391 

7.2018 

.002673797 

1,174.96 

109,858.86 

875 

140,625 

52.731,375 . 

39.;i6l9 

7.2112 

.002()66667 

1,178.10 

110,446.62 

376 

141,376 

53,157,376 

19.;i907 

7.2177 

.002(;59574 

1,181.24 

111,036.45 

377 

142,129 

53,582,633 

19.416,5 

7.2240 

.002652520 

1,184.38 

111,627.86 

378 

142,884 

51,010,152 

19.4422 

7.2304 

.002(>‘15503 

1,1,S7.52 

112,220.83 

879 

143,611 

54,439,939 

19.4679 

7.23(;8 

.0026.38521 

1,190.66 

112,815,38 

380 

114,400 

5 1,872,000 

19.4936 

7.2132 

.002631579 

1,193.81 

113,411.49 

381 

]4r>,lGl 

55,306,311 

19.5192 

7.219,5 

.002621672 

1,196.95 

114,009.18 

382 

115,024 

55,742,9(58 

19.5418 

7.2558 

.002617801 

1,200.09 

114,608.44 

383 

146,689 

56,181,887 

19.5704 

7.2(;22 

.002610966 

1,203.2:? 

115,209,27 

384 

147,456 

56,623,104 

19.5959 

7.2(iS{> 

.002604167 

1,206.37 

115,811.67 

386 

148.225 

57,066,625 

19.(;214 

7.2748 

.002597403 

1,209.51 

116,415.64 

386 

148,996 

57,512,456 

19.6 169 

7.28U 

.002;:90674 

1,212.65 

117,021.18 

387 

119,769 

57,960,603 

19.6723 

7.2874 

.0025,8.3979 

1,215.80 

117,628.30 

388 

150,514 

58,411,072 

19.6977 

7.2936 

.002577320 

1,218.94 

118,236.98 

389 

151,321 

58,863,809 

19.7231 

7.2999 

.002570694 

1,222.08 

118,847.24 

390 

152,100 

59,319,000 

10.7484 

7.3061 

.002564103 

1,225.22 

119,459.06 

391 

152,881 

59,776,471 

19.7737 

7.3124 

.002557545 

1,228.36 

120,072.46 

392 

153,661 

60,236,288 

19.7990 

7.3186 

.002551020 

1,231.50 

120,687.42 

393 

154,419 

60,698,457 

19.8242 

7.3218 

.0025-44529 

1,2:14.65 

121,303.96 

394 

155,236 

61,102,981 

19.8191 

7.:ma 

.002538071 

1,237.79 

121,922.07 

395 

156,025 

61,629,875 

19.8716 

7.3372 

.002531646 

1 ,240.93 

122,541.75 

896 

156,816 

62,099,136 

19.8907 

7.3i;;4 

.002525253 

1,244.07 

123,163.00 

397 

157,609 

62,570,773 

19.9249 

7.3490 

.00251,8892 

1,217.21 

128,785.82 

898 

158,404 

63,011,792 

19.9199 

7.3558 

.002512568 

1,250.35 

124,410.21 

399 

159,201 

63,521,199 

19.9750 

7.3019 

.002506266 

1,253.50 

125,036.17 

400 

160,000 

64,000,000 

20.0000 

7.3681 

.002500000 

1,256.64 

125,663.71 

401 

160,801 

64,481.201 

20.0250 

7.3742 

.002493706 

1,259.78 

126,292.81 

402 

161,604 

64,961,808 

20.0199 

7.3803 

.002487562 

1,262.92 

126,923.48 

403 

162,409 

65,450,827 

20.0749 

7.3864 

.002481390 

1,266.06 

127,656.73 

404 1 

163,216 

65,939,261 

20.0998 

7.3925 

.002475248 

1,269.20 

128,189.55 

405 1 

161,025 

66,430,125 

20.1216 

7.3980 

.002469136 

1.272.35 

128,824.93 

406 

164,836 

66,023,416 

20.1494 

7.4047 , 

.002463054 

1,275.49 

129,461.89 

407 

165,649 

67,419,143 

20.1742 

7.4108 

.002457002 

1,278.63 

1.30,100.42 

408 

166,464 

67,017,312 

20.1990 

7.4169 

.0024.50980 

1,281.77 

130,740.62 

409 

167,281 

68,417,929 

20.2237 

7.4229 

.002444988 

1,284.91 

131,382.19 

410 

168,100 

68,021,000 

20.2485 

7.4290 

.002439024 

1,288.05 

132,025.43 

411 

168,921 

69,426,531 

20.2731 

7.4350 

,002433090 

1,291.19 

132,670.24 

412 

' 169,744 

69,034,528 

20.2978 

7.4410 

.002427184 

1,294.34 

183,316.63 

413 

170,569 

70,444,997 

20..3224 

7.4470 

.002421308 

1,297.48 

133,964.68 

414 

171,396 

70,957,944 

20.3470 

7.4530 

.002415459 

1,300.62 

134,614.10 

416 

172,225 

71,473,375 

20.3715 

7.4590 

.003409639 

1,303.76 

135,266.20 

416 

173,056 

71,991,296 

20.3961 

7.4650 

.002406846 

1,306.90 

135,917.86 

417 

173,889 

72,511,713 

20.4206 

7.4710 

.002398082 

1,310.04 

136,572.10 

418 

174,724 

73,034,032 

20.4450 

7.4770 

.002392344 

1,313.19 

137,227.91 

419 

: 175,661 

73,560,069 

20.4695 

7.4829 

.002386635 

1,316.33 

137,885.29 

420 

176,400 

74,088,000 

20.4939 

7.4889 

.002380952 

1,319.47 

138,544.24 

421 

177,241 

74,018,461 

20.6183 

7.4948 

.002376297 

1,322.61 

139,204.76 

422 

178,084 

76,151,448 

20.5426 

7.5007 

, .002369668 

1,325.75 

139,866.85 

423 

178,929 

75,686,967 

20.6670 

7.5067 

1 .002364006 

1,328.89 

140,530.61 

424 

179,776 

76,226,024 

20.5913 

7.5126 

.002358491 

1,332.04 

141,195.74 

425 

180,625 

76,765.626 

20.6155 

7.5185 

.002352941 

1,335.18 

141,862.64 

426 

181,476 

77,308,776 

20.6398 

7.5244 

.002347418 

1,338.32 

142,530.92 

427 

182,829 

77,854,483 

20.6640 

7.5302 

.002341920 

1,341.46 

143,200.86 

428 

183,184 

78,402,762 

20.6882 

7.5361 

.002336449 

1,844.60 

143,872.38 

429 

184,041 

78,953,589 

20.7123 

7.5420 

.002331002 

1,847.74 

144,545.46 

430 

184,900 

79,607,000 

20.7864 

7.6478 

.002326581 

1,850.88 

146,220.12 

431 

185,761 

80,062,991 

20.7005 

7.5537 

.002320186 

1,854.03 

145.896,85 

432 

186,624 

80,621,668 

20.7846 

7.6696 

.002314816 

1,857.17 

146,574.15 k 

488 

187,489 

81,182,787 

20.8087 

7.6654 

.002309469 

1,360.31 

147,253.521 
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Table 25. — Squakes, Cubes, Square and Cube Routs, Cib- 
cuMFERENtJES, AND Areas — {( Unitinucd ) 


No, 

Sqnare 

Cwho 

Hq. liru>t 

Cu. Root 

Reciprocal 

CIrcum. 

Area 

434 

188,356 

81,7'16,504 

20.8327 

7.5712 

.002304147 

1,303.45 

147,934.46 

435 

189,225 

82,312,875 

20.85C.7 

7.5770 

.002298851 

1,:3()6.59 

148,616.97 

436 

190,096 

82,881,856 

20.8806 

7.5828 

.002293578 

1,369.7:3 

149,301.05 

437 

190,969 

83,453,453 

20.9015 

7.5886 

.002288330 

1,372.88 

149,986.70 

438 

191,844 

81,027,672 

20.9281 

7.5944 

.00228:1105 

1,376.02 

IM), 673.93 

439 

192,721 

8-1,604,519 

20.0523 

7.C001 

.002277904 

1,379.16 

151,302.72 

440 

193,600 

85,18-1,000 

20.0762 

7.6059 

,002272727 

1,382.;30 

152,053.08 

441 

194,481 

85,766,121 

21.0000 

7.6117 

.0022(<7574 

1,385.44 

152,745.02 

442 

195,3fy4 

86, 350, Has 

21.0238 

7.6174 

.002262143 

1,388.58 

153,4:38.53 

443 

196, 2]9 

86,938,307 

21.6470 

7.6232 

.0022573:36 

1,3.91.73 

154,133.60 

444 

197,136 

87,528,381 

21.0713 

7.G2S9 

.002252252 

1,:394.87 

154,830.2.) 

445 

198,025 

88,121,125 

21.0050 

7.r.:}6 

.0022-17191 

1,398.01 

155,628.47 

446 

198,916 

88,716,536 

21.1187 

7.6 m 

.002242152 

1,401.15 

15f;, 228.26 

447 

190,809 

89,314,623 

21.1421 

7.01 GO 

.002237136 

1,404.20 

156,929.62 

448 

200,704 

80,915,392 

21.1(500 

7.6517 

.00223214:3 

1,407.4:3 

157,632.55 

419 

201,601 

90,518,849 

21.1806 

7.6574 

.002227171 

1,410.58 

158,337.06 

450 

202,500 

91,125,000 

21.2132 

7.66:a 

.002222222 

1,41:3.72 

159,013.13 

451 

203,401 

91,733,851 

2l.23(>8 

7.6688 

.002217295 

1,416.86 

159,750.77 

452 

204,304 

92,:^5,408 

21.2603 

7.6744 

.002212389 

1,420.00 

160,459.99 

453 

205,209 

92,959,677 

21.2a33 

7.6801 

.002207506 

1,423.14 

101,170.77 

454 

206,116 

93,570,661 

21.3073 

7.6857 

.002202643 

1,426.28 

161,883.13 

455 

207,025 

94,190,375 

21.3:307 

7.6914 

.002197802 

1,429.42 

162,597.05 

456 

207,936 

94,818,816 

21.3512 

7.6970 

.002192982 

1,432.57 

1G3,:312.5.5 

457 

208,849 

95,443,993 

21.3776 

7.7026 

.002188184 

1,4::.5.71 

164,029.62 

458 

209,764 

96,071,912 

21.4000 

7.7082 

.002183406 

1,438.85 

164,748.26 

459 

210,681 

90,702,579 

21.4213 

7.7188 

.002178619 

1,411.90 

165,468.47 

460 

211,600 

97,336,000 

21.4476 

7.7194 

.00217:1913 

1,415.13 

166,190.25 

461 

212,521 

97,072,181 

21.4709 

7.7250 

.002109197 

1,418.27 

166,913.60 

462 

213,444 

98,611,128 

21.4942 

7.7306 

.002164502 

1,451.42 

167,6:18.53 

463 

214,369 

99,252,847 

21.5174 

7.7362 

.002159827 

1,4.54.56 

168,365.02 

464 

215,296 

99,897,344 

21.5407 

7.7418 

.002155172 

1,457.70 

169,093.08 

465 

216,226 

100,544,625 

21.5639 

7.7473 

.002150538 

1,400.84 

169,822.72 

466 

217,156 

101,194,696 

21.5870 

7.7529 

.002145923 

1,463.98 

170,553.92 

467 

218,089 

101,847,563 

21.6102 

7.7584 

.002141:328 

1,467.12 

171,286.70 

468 

219,024 

102,503,232 

21.633.3 

7.7639 

.002136752 

1,470.27 

172,021.06 

469 

219,961 

103,161,709 

21.6561 

7.7695 

.002132196 

1,473.41 

172,766.97 

470 

220,900 

103,823,000 

21.6795 

7.7750 

.002127660 

1,476.55 

173,494.45 

471 

221,841 

104,487,111 

21.7025 

7.7805 

.002123142 

1,479.69 

174,233.51 

472 

222,784 

105,154,048 

21.7256 

7.7860 

.002118044 

1,482.83 

174,974.14 

473 

223,729 1 

105,823,817 

21.7486 

7.7915 

.002114165 

1,48.5.97 

175,716.35 

474 

224,676 

106,496,424 

21.7715 

7.7970 

.002109705 

1,489.11 

176,460.12 

476 

225,625 

107,171,875 

21.7945 

7.8025 

.0021052C3 

1,492.26 

177,205.46 

476 

226,576 

107,850,176 

21.8174 

7.8079 

.002100840 

1,495.40 

177,952.87 

477 

227,529 

108,531,333 

21.8403 

7.8134 

.002096486 

1,498.54 

178,700.86 

478 

228,484 

109,215,352 

21.8632 

7.8188 

.002092050 

1,501.68 

179,450.91 

479 

229,441 

109,902,239 

21.8861 

7.8243 

.002087Ga3 

1,501.82 

180,202.54 

480 

230,400 

110,592,000 

21.9089 

7,8297 

.002083333 

1,507.96 

180,956.74 

481 

231,361 ! 

111,284,641 

21.9317 

7.8352 

.002079002 

1,511.11 

181,710.50 

482 

2:?2,324 

111,980,168 

21.9545 

7.8406 

.002074080 

1,514.25 

182,466.84 

483 

233,289 

112,678,587 

21.9775 

7.8160 

.002070:393 

1.517.39 

183,224.76 

484 

234,256 

113,379,904 

22.0000 

7.8514 

.002066116 

1,620.63 

183,984.23 

485 

235,225 

114,084,125 

22.0227 

7.8508 

.002061856 

1,623.67 

184,746.28 

486 

236,196 

114,791,256 

22.0454 

7.8622 

.002057613 

1,526.81 

185.507.90 

487 

237,169 

115,501,303 

22.0681 

7.8G76 

.002053388 

1,529.96 

186 272.10 

488 

288.144 

116,214,272 

22.0907 

7.8730 

.002049180 

11A23.10 

187,037.86 

489 

239,121 

136,930,169 

22.1133 

7.8784 

.002044990 

1,636.24 

187,806.19 

490 

240,100 

117,649,000 

22.1359 

7.8837 

.002040816 

1,639.38 

188,574.10 

491 

241,081 

118,870.771 

22.1585 

7.8891 

.002036660 

1,642.52 

189,844.67 

492 

242,064 

135,0135,488 

22.1811 

7.8944 

,002032520 

1,645.66 

190,116.62 

493 

248.0'i9 

119,823,157 

22.2036 

7.8998 

.002028398 

1,648.81 

190,890.24 

494 

244,036 

120,553,784 

22.2261 

7.9051 

.002024291 

1,551.95 

191,665.43 

495 

345,025 

121.287,875 

22.2486 

7.9105 

.002020292 

1,555.00 

i 

i 

496 

246,016 j 

122,023,936 

22.27U 

7.9158 

.002016129 

1,658.23 

198, 220.61 1 
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Table 25. — Squares, Cubes, Square and Cttbe Roots, Cir- 


cumferences, AND Areas — (Continued) 


No. 

Squaro 

Gabo 

Sq. Boot 

Cu. Boot 

Beciprooal 

Clrcum. 

1 

Art'a 

497 

498 

499 
600 
601 
602 

503 

504 

605 

606 

607 

608 
509 
610 
611 

512 

513 

514 

615 

616 

617 

618 

619 

620 
621 
622 

623 

624 

625 

626 

627 

628 

629 

630 

631 

632 

633 

634 
685 
636 
687 
638 
689 

640 

641 

542 

543 

544 

545 

546 

547 

548 

549 

650 

651 

552 

553 

554 
655 

556 

557 
668 
660 

247.009 

248.004 
249,001 

250.000 

251.001 

252.004 

253.009 
254,016 
255,025 
256,036 
257,049 
258,064 
259,081 
260,100 
261,121 
262,144 
263,169 
264,196 

265.225 
266,256 
267,289 
268,324 
269,361 

270.400 
271,411 
272,484 
273,529 
274,576 
275,625 
276,676 
277,729 
278,784 
279,841 
280,900 
281,961 

283.024 
284,089 1 
285,156 

286.225 
287,296 
288,369 
289,444 
290,621 

291.600 
292,681 
293,764 
294.849 
295,936 

297.025 
298,116 
299,209 
800,304 

801.401 

802.600 

I 803,601 

804,704 

806,809 

806,916 

808.025 
809,136 
810,249 
811,864 
812,481 

122,763,473 

123,505,992 

124,251,499 

125.000. 000 
125,751,601 
126,506,008 
127,263,527 
128,024,064 

128.787.625 
129,554,216 
130,323,843 
131,096,512 
131,872.229 

132.651.000 

133.432.831 
134,217,728 

135.005.697 
135,796,744 

136.590.875 

137.. 388.096 
138,188,413 

138.991.832 
139,798,859 

140.608.000 
141,420,761 
142,236,648 
143,055,667 
143,877,824 
144,703,125 
115,531,576 
146,363,183 
147,197,952 
148,035,889 

148.877.001 
149,721,291 
150,568,768 
161,419,437 
152,273,304 
153,130,375 
153,990,656 
]54, a 54,153 
155,720,872 
156,590,819 

157.464.000 
158,340,421 
159,220,088 
160,103,007 
160,989,134 

161.878.625 
162,771,336 
163,667,323 
164,566,592 
165,469,149 

166.876.000 
167,284,161 
168,196,608 
169,112,877 
170,031,464 

170.953.875 
171,879,616 

172.808.698 
178,741,112 
174,676,879 

22.2935 
22.3159 
22.3383 
22.3 f )07 
22.3830 
22.4054 
22.4277 
22.4499 
22.4722 
22.4944 
22.5167 
22.5389 
22.5610 
22.5832 
22.6053 
22.6274 
22.6495 
22.6716 
22.6936 
22.7156 
22.7376 
22.7596 
22.7816 
22.8035 
22.8254 
22.8473 
22.8692 
22.8910 
22.9129 
22.9347 
22.9565 
22.9783 
23.0000 
23.0217 
23.0434 
23.0651 
23 0863 
23.1084 
23.1301 
23.1517 
23.1733 
23.1943 
23.2164 
23.2379 
23.2594 
23.2809 
23.3024 
23.3238 
23.3452 
23.3666 
23.3880 
23.4094 
23.4307 
23.4521 
23.4734 
23.4947 
23.5160 
23.6372 
23.6584 
23.6797 
23.6008 
23.6220 
23,6432 

7.9211 

7.9264 

7.9317 

7.9370 

7.9423 

7.9476 

7.9528 

7.9581 

7.9634 

7.9686 

7.9739 

7.9791 

7.9843 

7.9895 

7.9948 

8.0000 

8.0052 

8.0104 

8.0156 

8.0208 

8.0260 

8.0311 

8.0363 

8.0415 

8.0466 

8.0517 

8.0569 

8.0620 

8.0671 

8.0723 

8.0774 

8.0825 

8.0876 

8.0927 

8.0978 

8.1028 

8.1079 

8.1130 

8.1180 

8.1231 

8.1281 

8.1332 

8.1382 

8.1433 

8.1483 

8.1533 

8.1583 

8.1633 

8.1683 

8.1733 

8.1783 

8.1833 

8.1882 

8.1932 

8.1982 

8.2031 

8.2081 

8.2130 

8.2180 

8.2229 

8.2278 

8.2327 

8.2377 

.002012072 

.002008032 

.002( HM 008 

.002000000 

.001996008 

.001992032 

.001988072 

.001984127 

.001980198 

.001976285 

.001972387 

.00196.8504 

.0019646,37 

.001960785 

.001956947 

.001953125 

.001949318 

.001945525 

.001941748 

.001937984 

.001934236 

.001930502 

.001926782 

.00192; i 077 

.001919386 

.001915709 

.001912010 

.001908397 

.001904702 

.001901141 

.001897533 

.001893939 

.001890359 

.001886792 

.00 ia 83239 

.001879099 

.001876173 

.001872659 

.001869159 

.001865672 

.001862197 

.001858736 

,001855288 

.001851852 

.001848429 

.001845018 

.001841621 

.001838235 

.001834862 

.001831502 

.001828154 

.001824818 

.001821494 

.001818182 

.001814882 

.001811594 

.001808318 

.001805 a 54 

.001801802 

.001798561 

.001795382 

.001792116 

.001788909 

1,561.37 

1,564.51 

1.507.65 
1,570.80 
1,573.94 
1,577.08 
1,580.22 
1,583.36 

1.586.50 

1.589.65 
1,592.79 
1,595.93 
1,599.07 
1,602.21 
1,605.35 

1.608.50 

1.611.04 
1,614.78 
1,617.92 
1,621.06 
1,624.20 

1.627.34 
1,630.49 

1.633.03 
1,636.77 
1,639.91 

1.643.05 

1.646.19 

1.649.34 
1,652.48 
1,655.62 
1,658.76 
1,661.90 

1.005.04 

1.668.19 
1,671.33 
1,674.47 
1,677.61 
1,6 SC .75 
1,683.89 

1.687.04 
1,690.18 
1,693.32 
1,696.46 

1.699.00 
1,702.74 

1.705.88 
1,709.03 
1,712.17 
1,715.31 
1,718.45 
1,721.59 

1.724.73 

1.727.88 
1,731.02 
1,734.16 
1,737.30 
1,740.44 
1,743.58 

1.746.73 
1,749.87 

1.753.01 
1,756,15 

194,000.41 

194.781.89 

195.564.93 
196,349.54 
197,135.72 

197.923.48 

198.712.80 

199.503.70 

200.296.17 

201.090.20 

201.885.81 
202,682.99 

203.481.74 
204,282.06 
205,0 a 3.95 

205.887.42 
206,692.45 
207,499.05 
208,307.23 

209.116.97 
209,928.29 

210.711.18 
211,555.63 
212.371.66 

213.189.26 

214.008.43 
214,829.17 

215.651.49 
216,475.37 

217.800.82 

218.127.85 

218.956.44 
219,786.61 
220,618.34 

221.451.65 
222,286.53 

223.122.98 

223.961.00 

221.800.59 

225.641.75 
226,484.48 

227.328.79 

228.174.66 
229,022.10 
229,871.12 

230.721.71 

231.673.86 

232.427.59 

233.282.89 

234.139.76 

234.998.20 

235.858.21 

236.719.79 

237.582.94 

238.447.67 
239,813.96 

210.181.83 

241.051.26 

241.922.27 
242,794.85 

243.668.99 

244.644.71 

245.422.00 
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Table 25. — Sqtiare.s, Ci;be.s, StiiiAUE and Cdue Rootb, Cm- 
CUMFERENCES, AND Akea8 — {Continued) 


Ko. Bqoue I Cnbe Sq. Root Cu. Root Reciprocal Clroiuzu Area 


660 813,000 175,010,000 23.0643 8.2426 .001785714 1,759.29 246,300.86 

661 314,721 176,558,481 23.0854 8.2475 .001782531 1,762.43 247,181.30 

662 315,844 177,504,328 23.7005 8.2524 .001779359 1,705.58 248,003.30 

663 316,909 178,453,547 23.7276 8.2573 .001776199 1,768.72 248,946.87 

664 318,096 179,406,144 23.7487 8.2621 .001773050 1,771.86 249,832.01 

665 319,225 180.302,125 23.7697 8.2670 .001769912 1,775.00 2,50,718.73 i 

666 320,356 181,321,496 23.7908 8.2719 .001700784 1,778.14 251,607.01 

667 321.489 182,284,203 23.8118 8.2708 .001763068 1,781.28 252,490.87 

608 322,024 183,250,432 23.83,28 8.2810 .001700503 1,784.42 253,388.30 

669 323.701 184,220,009 23.8537 8.2805 .001757409 1,787.57 254,281.29 

670 324,900 185,193,000 23.8717 8.2913 .001751386 1,790.71 255,175.86 

671 326,041 186,169,111 23.8956 8.2962 .001751313 1,793.85 256,072.00 

672 327,184 387,149,248 23.91(>5 8.3010 .001748252 1,796.99 250,909.71 

673 328,329 188,132,517 2.J.9374 8.3059 .001745201 1,800.13 257,808.99 

674 329,476 189,119,224 23.9583 8.3107 .001742104 1,803.27 258,709.85 

675 330,025 190,109,375 23.9792 8.3155 .001739130 1,806.42 259,072.27 

676 331,776 391,102,976 21.0000 8.3203 .001730111 1,809.50 200,576.26 

677 3:12,929 192,100,033 24.0208 8.:J251 .001733102 1,812.70 261,481.83 

678 334,084 193,100,552 24.0410 8.:1300 .001730104 1,815.84 262,388.90 

679 335,241 194,104,639 24.0624 8.:i348 .001727110 1,818.98 203,297.67 

680 336,400 395,112,000 24.08:12 8.:i396 .001724138 1,822.12 264,207.94 

581 337,561 396,122,941 24.1039 8.:i443 .001721170 1,825.27 2 (h5.1 19.79 

682 338,724 197,137,308 24.1247 8.3491 .001718213 1,828.41 2(56, 033.21 

683 339,889 198,155,287 24.1454 8.:J539 .001715200 1,831.55 260,948.20 

684 341,056 199,170,704 24.1001 8.3587 .001712329 1,8;U.69 267,804.76 

685 342,225 200,201,625 24.1808 8.3634 .001709402 1,837.83 268,782.89 

686 343,396 201,230,056 24.2074 8.3682 .001706185 1,840.97 269,702.59 

687 344,509 202,202,003 24.2281 8.:i730 .00170:^578 1,844.11 270,623.86 

688 345,744 203,297,472 21.2487 8.3777 .001700680 1,847.26 271,646.70 

689 340,921 204,3:56,409 24.2093 8.:5825 .001097793 1,850.40 272,471.12 

690 848,100 205,379,000 24.2899 8.:5872 .001094915 1,853.54 273,397.10 

691 849,281 200,425,071 24.3105 8.3919 .001092047 1,850.08 274,324.66 

692 850,404 207,474,688 24.3311 8.3967 .001689189 1,859.82 275,253.78 

693 851,649 208,527,857 24.3516 8.4014 .001686341 1,802.96 276,184.48 

694 352,836 209,584,584 24.:i72l 8.4061 .001683502 1,806.11 277,116.75 

695 ^54,025 210,044,875 24.3920 8.4108 .001080072 1,809.25 278,050.68 

690 355,216 211,708,736 2'1,4131 8.4155 .001677852 1,872.39 278,985.99 

597 356,409 212,776,173 24.4330 8.4202 .001075012 1,875.53 279,922.97 

69S 357,604 213,847,192 24.4540 8,4249 .001672211 1,878.07 280,801.52 

699 358,801 214,921,799 24.4745 8.4296 .001669449 1,881.81 281,801.65 

COO 360,000 216,000,000 24.4949 8.4:143 .001666667 1,884.96 282,743.34 

COl 361,201 217,081,801 ^.5153 8.4390 .001663894 1,888.10 283,686.60 

602 362,404 218,167,208 24.6357 8.4437 .001661130 1,891.24 284,631.44 

603 863,609 219,256,227 24.5561 8.4484 .001658375 1,894.38 285,677.84 

604 364,816 220,::148,8r)4 24.576-1 8.4530 .001655629 1,897.52 286,525.82 

605 366,025 221,445,125 24.59Gv8 8.4577 .001652893 1,900.66 287,476.36 

606 367,236 222,545,016 24.6171 8.4623 .001650165 1,903.81 288,426.48 

607 368,449 223,648,543 24.6:174 8.4670 .001647446 1,906.96 289,379.17 

608 369,664 224,755,712 24.6577 8.4716 .001644737 1,910.09 290,333.43 

609 370,881 225,866,629 24.6779 8.4763 .001642036 1,913.23 291,289.26 

610 372,100 226,981,000 24.6982 8.4809 .001639344 1,916.37 292,246.66 

611 373,321 228,099,131 24.7184 8.4856 .001636661 1,919.51 293,206.63 

612 874,644 229,220,928 24.7386 8.4902 .001633987 1,922.65 294,166.17 

613 875,769 230,346,397 24.7588 8.4948 .001631321 3,925.80 295,128.28 

614 876,996 231,475,644 24.7790 8.4994 .001628604 1,928.94 296,091.97 

616 878,225 232,608,375 24.7992 8.5040 .001626016 1,932.08 297,067.22 

616 879,456 233,744,896 24.8193 8.5086 .001623877 1,935.22 298,024.05 

617 880,689 234,885,113 24.8395 8.5132 .001620746 1,938.86 298,992.44 

618 881,924 236,029,032 24.8596 8.5173 .001618123 1,941.60 299,962.41 

619 888,161 237,176,669 24.8797 8.5221 .001615609 1,944.65 300,933.96 

620 884,400 238,328,000 24.8998 8.5270 .001612903 1,947.79 801,907.05 

621 885,641 239,483,061 24.9199 8.5316 .001610306 1,950.93 302,881.78 

622 886,884 240,641,848 24.9399 8.63C2 .001607717 1,954.07 303,857.98 
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Table 25 ,- — Squares, Cubes, Square and Cube Boots, Cir- 
cumferences, AND Areas — {Continued) 


No. Square Cabo Sq. Root Cu. Root Reciprocal Circum. Area 


623 388,129 241,804,367 24.9600 8.5408 .001605136 1,957.21 301,^35.80 

624 389,376 242,970,624 24.9800 8,5453 .001(K)2564 1,960.35 305,815.20 

625 390,625 214,140,625 25.0000 8.5499 .001(K)0000 l,9f>3.50 306,796.16 

626 391,876 245,314,376 25.0200 8.5514 .001597444 1,966.64 307,778.69 

627 393,129 246,491,883 25.0400 8.5589 .001594896 1,969.78 308,762.79 

628 394,384 247,673,152 25.0599 8.5635 .001592257 1,072.92 309,748.47 

629 395,641 248,858,189 25.0799 8.5(J,Sl .001589825 1,976.06 310,735.71 

630 396,900 250,017,000 25.0998 8.5726 .001587302 1,979.20 311,724.53 

631 398,161 251,239,591 25.1197 8.5772 .001584786 1,982.35 312,714.92 

632 399,424 252,435,968 25.1396 8.5.S17 .001582278 1,985.49 313,706.88 

633 400,689 253,636,137 25.1595 8.5862 .001579779 1,988.63 314.700.40 

634 401,956 254,810,104 25.1794 8.5907 .001577287 1,991.77 315.695.50 

635 403,225 256,017,875 25.1992 8.5952 .001574803 1,994.91 316.692.17 

636 404,496 257,259,456 25.2190 8.5997 .(K)1572327 1,998.05 317,690.42 

637 405,7ti9 258,474,853 25.2389 8.6043 .001569859 2,001.19 318,690.23 

638 407,044 259,601,072 25.2587 8.(J088 .001567398 2,004.34 319,691.61 

639 408,321 260,917,119 25.2784 8.6132 .001564945 2,007.48 320,694.56 

610 409,600 262,141,000 25.2982 8.6177 .001562500 2,010.62 321,699.09 

641 410,881 263,374,721 25.3180 8.6222 .001560062 2,013.76 322.705.18 

642 412,164 264,600,288 25.3377 8.G267 .001557632 2,016.90 3*23,712.85 

643 413,449 205,847,707 25.3571 8.0312 .001555210 2,0*20.04 324,722.09 

644 414,736 207,080,984 25.3772 8.6;;57 .001552795 2,0*23.19 325,732.89 

645 416,125 208,336,125 25.3909 8.6101 .001550388 2,020.33 320,745.27 

646 417,316 209,585,136 25.4165 8.6446 .001547988 2,029.47 827,759.22 

647 418,009 270,840,023 25.4302 8.6190 .001545595 2,032.61 328,774.74 

648 419,904 272,097,792 25.4558 8.6535 .0()liyl3210 2,035.75 329,791.83 

649 421,201 273,359,419 25.4755 8.6579 .001540832 2,038.89 330,810.49 

650 422,500 274,625,000 25.4951 8.6624 .001538462 2,042.04 331,830.72 

651 423,801 275,894,451 25.5117 8.6668 .001536098 2,045.18 332,852.53 

652 425,104 277,107,808 25.5313 8.6713 .001533742 2,048.32 333,875.90 

653 426,409 278,445,077 25.5539 8.6757 .001531394 2.051.46 334,900.85 

654 427,716 279,726,264 25.5734 8.6801 .001529052 2,051.60 335,927.36 

I 655 429,025 281,011,375 25.5930 8.6845 .001526718 2,057.74 336,955.45 

656 430,336 282,300,416 25.6125 8.6890 .001524390 2,060.88 337,985.10 

657 431,639 283,593,393 25.6320 8.6934 .001522070 2,064.03 339,016.33 

658 432,964 284,890,312 25.6515 8.6978 .001519751 2,067.17 3-10,049.13 

659 434,281 286,191,179 25.6710 8.7022 .001517451 2,070.31 341,083.50 

6G0 435,600 287,496,000 25.6905 8.7066 .001.515152 2,073.45 312,119.44 

661 436,921 288,804,781 25.7099 8.7110 .001512859 2,076.59 343,156.95 

662 438,244 290,117,528 25.7294 8.7154 .001510574 2,079.73 341,196.03 

663 439,569 291,434,247 25.7188 8.7198 .001608296 2,082.88 34-5,236.69 

664 440,896 292,7.54,944 25.76.S2 8.7241 .001506024 2,086.02 346,278.91 

666 442,225 294,079,625 25.7876 8.7285 .0015037.59 2,089.16 ,347,322.70 

666 443,5-56 295,408,296 25.8070 8.7329 .001.501502 2,092.30 318,368.07 

667 444,899 296,740,963 25.8263 8.7373 .001199250 2,095.44 319,416.00 

668 446,224 298,077,632 25.8457 8,7416 .001497006 2,098.,58 350,463.51 

669 447.561 299,418,309 2.5.8650 8,7460 .001494768 2,101.73 351, .513.69 

670 448,900 300,703,000 25.8844 8.7503 .001192587 2,104.87 352,605.24 

671 450,241 302,111,711 25.9037 8.7.547 .001490313 2,108.01 353,618.45 

672 451,584 303,464,448 25.9230 8.7590 .001488095 2,111.15 354,673.24 

673 452,929 304,821,217 25.9422 8.7f>:i4 .001485884 2,114.29 3 r >5, 729.60 

674 454,276 306,182,024 25.9615 8.7677 .001483680 2,117.43 356,787.54 

675 455,625 307,546,875 25.9808 8.7721 .001481481 2,120.58 357,847.04 

676 456,976 308,915,776 26.0000 8.7764 .001479290 2,123.72 358,908.11 

677 458,329 810,288,733 26.0192 8.7807 .001477105 2,126.86 359,970.75 

678 459,684 311,665,762 26.0384 8.7850 .001474926 2,130.00 361,034,97 

679 461,041 313,046,839 26.0576 8.7893 .001472754 2,138.14 362,100.75 

680 462,400 314,432,000 26.0768 8.7937 .001470588 2,136.28 363,168.11 

681 463,761 815,821,241 26.0960 8.7980 .001468429 2,139.42 364,237.04 

682 466,124 317,214,668 26,1151 8.8023 .001466276 2,142.57 365,307.54 

683 466,489 818,611,987 26.1343 8.8066 .001464129 2,145.71 866,379.60 

684 467,866 320,013,604 26.1634 8,8109 .001461988 2,148.85 367,453.24 

685 469,225 821*419,125 26.1726 8,8152 .001469854 2,151.99 368,628.46 




400 HIGHWAY SURVEYING AND PLANNING 


Table 25. — Squares, Cubes, Square and Cube Roots, Cir- 
cumferences, AND Areas — (Continued) 


8 <liuixe Gabe Sq. Boot €04 Hoot I Beelprooftl Olromii. I Amo. 


322,828,856 

324,242,703 

825,600,672 

827,082,7()9 

828.509.000 
329,989,371 
331,378,888 
332,812,557 
334,255,384 
335,702,375 
337,163,536 
338,608,873 
340,068,392 
341,532,099 
843,000,000 
844,472,101 
345,948,408 
347,428,927 
348,913,604 

1 350,402,625 
351,895,816 
353,393,243 
354,894,912 
356,400,829 

357.911.000 
359,425,431 
860,944,128 
362,467,097 
36:^,994,344 
365,525,875 
307,061,696 
368,601,813 
370,140,232 
371,694,959 

373.248.000 
374,805,361 
376,367,048 
877,933,067 
379,503,424 
381,078,125 
382,657,176 
884,240,583 
885,828,352 
387,420,489 

389.017.000 
390,617,891 
892,223,168 
893,832,837 
895,446,904 
897,065,375 
398,688,256 
400,316,553 
401,947,272 
403,583,419 

405.224.000 
406,869,021 
408,518,488 
410,172,407 
411,830,784 
413,493,625 
416,160,936 
416,832.728 
418,508,992 


.001457726 

.001455604 

.001453488 

.001451379 

.001449275 

.001447178 

.001445087 

.001443001 

.001440922 

.001438849 

.001436782 

.001434720 

.001432665 

.001430615 

.001428571 

.001426534 

.001424501 

.001422475 

.001420455 

.001418440 

.001416431 

.001414427 

.001412429 

.001410437 

.001408451 

.001406470 

.001404494 

.001402525 

.001400560 

.001398601 

.001396648 

.001394700 

.001392758 

.001390821 

.001388889 

.001386963 

.001386042 

.001383126 

.001381215 

.001379310 

.001377410 

.001375616 

.001373626 

.001371742 

.001369863 

.001367989 

,001366120 

.001364256 

.001362898 

.001360544 

.001358696 

.001356852 

.001856014 

.001353180 

.001851351 

.001349528 

.001347709 

.001345895 

.001344086 

.001342282 

.001840483 

.001838688 


2,155.13 

2.168.27 
2,161.42 
2,164.56 
2,167.70 
2,170.84 
2,173.98 
2,177.12 

2.180.27 
2,183.41 
2,186.55 
2,189.69 

2.192.83 
2,195.97 

2.199.11 
2,202.26 
2,205.40 
2,208.54 
2,211.68 
2,214.82 

2.217.96 

2 . 221.11 
2,224.25 
2,227.39 

2.230.63 
2,233.67 

2.236.81 

2.239.96 
2,243.10 
2,246.24 
2,249.38 
2,252.52 
2,255.66 

2.258.81 

2.261.96 
2,265.09 
2,268.23 
2,271.37 
2,274.61 

2.277.65 
2,280.80 
2,283.94 
2,287.08 
2,290.22 
2,293.36 

2.296.60 

2.299.66 
2,802.79 
2,305.93 
2,309.07 
2,312.21 
2,315.35 

2.318.60 

2.821.64 
2,324.78 
2,327.92 
2,331.06 
2,384.20 

2.337.84 
2,340.49 
2,343.63 
2,846.77 
2.349.91 


1 369,605.28 

370.683.69 
1 371,763.61 
1 372,845.00 
I 373,928.07 

376.012.70 
376,098.91 

! 377,186.68 

378.276.03 
379,366.95 

380.459.44 

881.563.60 
382,649.13 
383,746.33 
384,845.10 

386.945.44 
387,047.36 

388.150.84 

389.255.90 
390,362.52 

391.470.72 

392.580.49 
393,691.82 

394.804.73 

395.919.21 

397.035.26 
398,152.89 

399.272.08 

400.392.84 

401.515.18 

402.639.08 
403,764.66 

404.891.60 

406.020.22 
407,150.41 
408,282.17 

409.415.50 

410.550.40 
411,686.87 

412.824.91 

413.964.62 

415.106.71 
416,248.46 

417.392.79 
418,538.68 

419.686.16 

420.835.19 

421.985.79 
423,187.97 

424.291.72 

425.447.04 

426.603.94 

427.762.40 
428,922.43 
430,084.03 
431,247.21 

432.411.95 

438.678.27 

434.746.16 

435.915.62 
437,086.64 
438,259.24 
439,43841 
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Tabi.e 25. — SuuAHES, Ctibeb, Square and Cube Roots, Cir 


CUMFERENCES, AND 


No. Square Cube Sq. Root 


749 661,001 420,189,749 27.3679 

750 662,500 421,875,000 27.3861 

751 664,001 42;}, 564, 751 27.4044 

752 565,504 425,259,008 27.4226 

763 567,009 426,057,777 27.4408 

754 668,516 428,661,061 27.4501 

755 570,025 430,368,875 27.4773 

756 571,536 432,081,216 27.4055 

767 673,049 433,798,003 27.5136 

758 574,564 435,519,512 27.5318 

759 676,081 437,245,479 27.5500 

760 577,600 438,976,000 27.5681 

761 579,121 440,711,081 27.5862 

762 580, (’>44 4-12, 450, 728 27.6043 

763 582,169 4^14,194,917 27.0225 

764 583,696 445,943,744 27.6405 

765 685,225 447,097,125 27.6{)86 

760 580,756 449,455,006 27.6767 

767 688,289 451,217,663 27.6948 

768 689,824 452,984,832 27.7128 

769 691,361 454,756,609 27.7308 

770 692,900 4:)6,5;}3,000 27.7489 

771 694,441 458,314,011 27.7669 

772 695,984 460,099,648 27.7849 

773 697,529 461,889,917 27.8029 

774 699,076 463,684,824 27.8209 

775 600,625 465,484,375 27.8:188 

776 602,170 467,288.576 27.8568 

777 603,729 469,097, 4;13 27.8747 

778 605,284 470,910,952 27.8927 

779 606,841 472,729,139 27,9106 

780 608,400 474,552,000 27.9285 

781 609,961 476,379,541 27.9464 

782 611,524 478,211,768 27.9643 

783 613,089 480,048,687 2? .9821 

784 614,656 481,890,304 28.0000 

785 616,225 483,736,625 28.0179 

786 617,796 485,587,666 28.0357 

787 619,369 487,443,403 28.0535 

788 620,944 489,303,872 28.0713 

789 622,521 491,169,069 28.0891 

790 624,100 493,089,000 28.1069 

791 625,681 494,918,671 28.1247 

792 627,264 496,793,088 28.1425 

793 628,849 498,677,267 28.1603 

794 630,436 500,566,184 28.1780 

796 632,025 602,459,875 28.1957 

796 633,616 604,358,836 28.2135 

797 635,209 606,261,678 28.2312 

798 636,804 508,169,592 28.2489 

799 638,401 610,082,399 28.2666 

800 640,000 612,000,000 28.2843 

801 641,601 513,922,401 28.3019 

802 643,204 615,849,608 28.3196 

803 644,809 617,781,627 28.3373 

804 646,416 619,718,464 28.3549 

805 648,025 521,660,125 28.3725 

806 649,636 623,006,616 28.8901 

807 651.249 525,657,943 28.4077 

808 652,864 627,614,112 28.4253 

809 654,481 629,475,129 28.4429 

810 656,100 631,441,000 28.4605 

m 657,721 533,411,731 28.4781 


Areas — ( Co'iitinued) 


Co. Root Reoiprooal Olroom. | Area 


9.0816 .001335113 2,353.05 440,609.16 

9.0856 .00133:}333 2,356.19 441,786.47 

9.0896 .001331558 2,359.34 442,965.35 

9.0937 .001329787 2,362.48 444,146.80 

9.0977 .001328021 2,3^5.62 445,327.83 

9.1017 .00132()2(W 2,;168.76 446,511.42 

9.1057 .00131^1503 2,;471.90 447,696.69 

9.1098 .001322751 2,375.04 448.883.32 

9.1138 .00i;i21004 2,378.19 450,071.63 

9.1178 .001319261 2.381.33 451,261.51 

9.1218 .001317523 2,384.47 452,452.96 

9.12.58 .001315789 2,;i87.6l 453,645.98 

9.1298 .001314060 2,390.75 454,840.57 

9.1338 .001312336 2,39:1.89 456,036.73 

9.1378 .001310616 2,397.04 457,234.46 

9.1418 .001308W1 2,400.18 4.58,433.77 

9.14.58 .001307190 2,403.32 459,634.64 

9.1498 .001305483 2,400.46 460,837.08 

9.15.37 .001303781 2,409.60 462,041.10 

9.1.577 .001302083 2,412.74 463,246.69 

9.1G17 .001300390 2,415.88 464,453.84 

9.1657 .001298701 2,419.03 465,662.57 

9.1696 .001297017 2,422.17 466,872.87 

9.17;}G .00129.5337 2,425.31 46)8,084.74 

9.1775 .001293661 2,428.46 469,298.18 

9.1815 .001291990 2,4.31.59 470,513.19 

9.1855 .001290323 2,434.73 471,729.77 

9.1894 .001288600 2,437.88 472,947.92 

9.19;}3 .001287001 2,441.02 474,167.65 

9.1973 .001285347 2,444.16 475,388.94 

9.2012 .001283697 2,447.30 476,611.81 

9.2052 .001282051 2,450.44 477,836.24 

9.2091 .001280410 2,453.58 479,062.25 

9.2130 .001278772 2,456.73 480,289.83 

9.2170 .001277139 2,459.87 481.518.97 

9.2209 .001275510 2,463.01 482,749.69 

9.2248 .001273885 2,466.15 483,981.98 

9.2287 .001272265 2,469.29 485,215.84 

9.2326 .001270648 2,472.43 486,451.28 

9.2365 .001269036 2,475.58 487,688.28 

9.2404 .001267427 2,478.72 488,926.86 

9.2443 .001265823 2,481.86 490,166.99 

9.2482 .001264223 2,485.00 491,408.71 

9.2521 .001262626 2,488.14 492,651.99 

9.2560 .001261034 2,491.28 493.896.85 

9.2599 .001259446 2,494.42 495,143.28 

9.26:}8 .001257862 2,497.57 496,391.27 

9.2677 .001256281 2,600.71 497,640.84 

9.2716 .001254705 2,503.85 498,891.98 

9.2754 .001263133 2,506.99 500,144.69 

9.2793 .001251364 2,510.13 501.398.97 

9.2832 .001250000 2,513.27 502,654.82 

9.2870 .001248439 2,516.42 503,912.26 

9.2909 .001216883 2,519.56 605,171.24 

9.2948 .001246330 2,522.70 506,431.80 

9.2986 .001243781 2,525.84 507,693.94 

9.8026 .001242236 2,528.98 608,957.64 

9.3063 .001240695 2,532.12 510,222.92 

9.3102 .001239157 2,535.27 611,489.77 

9.3140 .001237624 2,538.41 512,758.19 

9.3179 .001236094 2,541.65 614,028.18 

9.3217 .001234568 2,544.69 615,299.74 

9.3255 .001283046 2,547.83 616,672.87^ 
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Table 25. — Squatieh, Cifbeb, Sqeake and Cube Roots, Cir- 
c’UMFERENUEs, AND Areas — (ContLnicd) 


No. 

Square 

Cube 

Sq, Root 

j Cu. Root 

812 

659,344 

535,387,328 

28.4956 

9.3294 

813 

660,969 

537,367,797 

28.5132 

9.8:i32 

814 

662,596 

539,353,144 

28.5:107 

9.3370 

815 

664,225 

641,34:1,375 

28.5482 

9.3108 

816 

665,856 

543,338,496 

28.r)(;.57 

9.3147 

817 

667,489 

645,338,513 

28.58:12 

9.:i485 

818 

669,124 

547,343,432 

28.6007 

9.3523 

819 

670,761 

549,353,2f>9 

28.6182 

9.:{561 

820 

672,400 

551,368,000 

28.6*356 

9.3599 

821 

674,041 

65:1,387,661 

28.6531 

9.3637 

822 

675,584 

655,412,248 

‘28.6705 

9.3675 

823 

677,329 

657,141,767 

28.(W80 

0 3713 

824 

678,976 

659,476,224 

28.7054 

9.37.51 

825 

680,625 

661,515,625 

28.7228 

9.:i789 

826 

682,276 

563,559,976 

28.7402 

9.3827 

827 

683,929 

665.609,283 

28.7576 

9 :{H65 

828 

685,584 

667,663,552 

28.7750 

9 3902 

829 

687,241 

560,722.789 

28.7924 

9.3940 

830 

688,900 

671,787.000 

28.8097 

9.3978 

831 

690,561 

673,856.191 

28.8271 

9.4016 

832 

692,224 

57r>,0:i0,368 

28.8444 

9.40,53 

833 

693,889 

678,009.5:17 

28.8(il7 

9.4091 

834 

695,556 

580,093,704 

28.8791 

9.4129 

835 

697,225 

682,182,875 

28.8964 

9.4166 

836 

698,896 

584,277,056 

28.9137 

9.4204 

837 

700,569 

686,376,253 

28.9310 

9.4241 

838 

702,244 

588,*180,472 

28.9482 

9.4279 

839 

703,921 

690,589,719 

28.9655 

9. me 

840 

705,600 

592,704,000 

28.9828 

9.4354 

841 

707,281 

504,823,321 

29.0000 

9Am 

842 

708.964 

506,947,688 

29.0172 

1 9.4429 

843 

710,619 

599,077,107 

29.0315 

j 9.4466 

844 

712,336 

601,211,584 

29.0517 

9.4503 

845 

714,025 

603,:i51,125 

29.06H9 

9.4541 

846 

715,716 

605,405,736 

29.0861 

9.4.578 

847 

717,409 

607,645,42:1 

29.1033 

9.4615 

848 

719,104 

609,8(H),192 

29.1204 

9.4652 

849 

720,801 

611,960,049 

29.1376 

9.4690 

a50 

722,500 

614,125,000 

29.1548 

9.4727 

851 

724,201 

616,295,051 

29.1719 

9.4764 

852 

725,904 

618,470,208 

29.1890 

9.4801 

853 

727,609 

620,650,477 

29.2062 

9.4,838 

854 

729,316 

622,835,864 

29.2233 

, 9.4875 

865 

731,025 

625,026,375 

29.2404 

9.4912 

656 

1 732,736 

627,222.016 

29.2575 

9.4919 

857 

' 734,449 

629,422,793 

29.2746 

9.4986 

858 

: 736,164 

631,628,712 

•29.2916 

9.5023 

869 

737.881 

6:13,839,779 

29.3087 

9.5060 

860 

739,600 

636,056,000 

29.3*258 

9.5097 

861 

741,321 

638,277,381 

29.3428 

9.5i:i5 

862 

743,044 

640,503,928 

29.3598 

9,5171 

863 

744,769 

642,735,647 

29.3769 

9.5207 

864 

746,496 

644,972,544 

29.3939 

9.5244 

865 

748,2*25 

647,214,625 

29.4109 

9.5281 

866 

749,956 

649,461,896 

29.4279 

9.5317 

867 

761,689 

661,714,863 

29.4449 

9.5354 

868 

753,424 

663,972,032 

29.4618 

9.5391 

869 

766,161 

656,234,909 

29.4788 

9.5427 

870 

756,900 

668,603,000 

29.4958 

9.5464 

871 

768,641 

660.776,311 

29.5127 

9.6501 

872 

760,384 

663,054,848 

29.5296 

9,5537 

878 

762,129 

665,838,617 

29.5466 

9.5574 

874 

763,876 

667,627.624 

20.5635 

9.5610 


.001231527 

.001230012 

.001228r)01 

.001220091 

.001225190 

.0012239‘K) 

.001222194 

.001221001 

.001219512 

.001218027 

.001216515 

.001215067 

.001213592 

.001212121 

.001210654 

.001209190 

.001207729 

.001206273 

.001201819 

.001203369 

.001201923 

.001200180 

.001199041 

.001197605 

.001196172 

.001191743 

.001193317 

.001191895 

.001190176 

.001189061 

.001187648 

.001186240 

.00118*1834 

.001183432 

.001182033 

.001180638 

.001179245 

.001177856 

.001176471 

.001175088 

.001173709 

.001172333 

.001170960 

.001169591 

.001168224 

.001166861 

.001165501 

.001164144 

.001162791 

.001161440 

.001160093 

.001158749 

.001157407 

.001156069 

.001154734 

.001153403 

.001152074 

.001150748 

.001149425 

.001148106 

.001146789 

.001145475 

.001144165 


2,650.97 

2.554.11 
2,557.26 
2,560.40 
2,563.54 
2,566.68 
2,569.82 

2.572.96 

2.576.11 
2,579.25 
2,582.39 
2,585.53 
2,588.67 

2.591.81 

2.594.96 
2,598.10 
2,601.24 
2,604.38 
2,607.52 
2,610.66 

2.613.81 
2,610.95 
2,020.09 
2,623.23 
2,626.37 
2,629.51 

2.632.05 
2,635.80 
2,638.94 
2,642.08 
2,645.22 
2,648.36 

2.651.50 
2,654.65 
2,657.79 
2,660.93 
2,664.07 
2,667.21 
2,670.-35 

2.673.50 
2,676.64 
2,679.78 
2,682.92 

2.686.06 
2,689.20 

2.692.34 
2,695.49 
2,698.63 
2,701.77 
2,704.91 , 
2,708.05 

2.711.19 

2.714.34 
2,717,48 
2,720.62 
2,723.76 
2,726.90 
2,730.04 

2.733.19 
2,736.33 
2,739.47 
2,742.61 
2,745.75 


517.847.57 

519. 123.84 

520.401.68 
521,681.10 
522,962.08 
524,244.63 

525.528.76 
526,814.46 
528,101.73 
629,390.51. 
530,680.97 

531.972.95 

533.266.50 

534.561.62 
535,858.32 

537.156.58 

538.456.41 

539.757.82 
541,060.79 
542,365.34 
543 671.46 

544,979.15 
54G,288.*40 
647,599.2:1 

548.911.63 
550,225.61 
551, .541 .15 
552,8,58.26 
5f>4, 176,94 

555.497.20 

556.819.02 

558.142.42 
559,467.39 
560,793.92 

562.122.03 

563.451.71 

564.782.96 
566,115. /8 
567,450.17 

568 . 786.14 
570 , 123.67 

571.462.77 
572,803.45 

574.145.69 

575.489.51 
576,834.90 

578.181.85 

579.530.38 
580,880.48 

582.232.15 

583.585.39 

584.940.20 

586.296.59 
587,654.54 
589,014.07 

590.375.16 

591.737.83 
593,102.06 
594,467.87 
595,835.25 I 
597,204.20 ! 

598.674.72 I 
599,946.81 
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Table 25. — Squares, Cubes, Square and Cube Roots, Cir- 
cumferences, AND Areas — {Cotdinucd) 


I No. Square Cube I Sq. Root { Cu. Boot | Reoiprooal I Ciroum. { Area 


765,625 

767,376 

769,129 

770,884 

772,641 

774.400 
776,161 
777,924 
779,689 
781,456 

783.225 
78^4,996 
786,769 
788,M4 
790,321 

792.100 
793,881 
795,664 
797,449 
799,236 

801.025 
802,816 
804,609 
806,404 
808,201 
810,000 
811,801 
813,604 
815,409 
817,216 

819.025 
820,836 
822,649 
824,464 

826,281 I 

828.100 
829,921 
831,744 
833,569 
835,396 

837.225 
839,056 
840,889 
842,724 
844,561 

846.400 
848,241 
850,084 
851,929 
863,776 
855,625 
a57,476 
859,329 
861,184 
863,041 
864,900 
866,761 
868,624 
870,489 
872,356 

874.225 
876,096 
877,969 


669,921,875 
672,221,376 
674, 526,1113 
676,836,152 
679,151.439 

681.472.000 
683,797.841 
686,128,968 
688,465,387 
690,807,104 
693,154,125 
695,506,456 
607,864,103 
700.227,072 
702,r)r5,369 

704.069.000 
707,317,971 
707,932,288 
712,121,957 
714,516,984 
716,917,375 
719,323,136 
721,734,273 
724,150,792 
726,572,699 
729,OCK),000 
731,432,701 
733,870,808 
736,314,327 
738,763,264 
741,217,625 
743,677,416 
746,142,643 
748,613,312 
751,080,429 

753.571.000 
756,058,031 
758,550,825 
761,0-18,497 
763,551,941 
766,060,875 
768,575,296 
771,095,213 
773,620,632 
776,151,659 

778.688.000 
781,229,961 
783,777,448 
786,330,467 
788,889,024 
791,453,125 
794,022,776 
796,597,983 
799,178,752 
801.765,089 

804.357.000 
806,954,491 
809,557,668 
812,166,237 
814,780,604 
817,400,375 
820,026, a56 
822,656,953 


29.5804 
29.5973 
29.6142 
29.6311 
29.6479 
29.6r)48 
29.6816 
29.6985 
29.7153 
29.7321 
29.7489 
29.7658 
29.7825 
29.799.8 
29.8161 
29.8329 
29.8496 
29.8664 
29.88:11 
29.8998 
29.9166 
29.9:133 
29.9500 
29.9666 
20.9S:i3 
30.0000 
80.0167 
:io.o:i33 
30.0500 
30.0666 
30.0832 
30.0998 
30.1164 
30.1330 
30.1496 
30.1662 
:30.1828 
30.1993 
30.2159 
30.2324 
80-2490 
30.2655 
30.2820 
30.29a5 
80.3150 
I 30.3315 
130.3480 
30.3645 
30.3809 
30.3974 
80.4138 
80.4302 
80,4467 
30.4631 
30.4795 
30,4959 
30.5123 
30.5287 
30.5450 
30.5614 
30.6778 
30.5941 
80.6105 


.001142a57 
.001141553 
.001140251 
.0()lim52 
.0011:17656 
.0011:16364 
.001135074 
.001133787 
.001132503 
.001131222 
.0011299-14 
.001128668 
.001127396 
.001126126 
.001124859 
.001123596 
.001122:134 
.001121076 
.001119821 
.001118568 
.001117818 
.00111607] 
.001114827 
.00111:1586 
.001112:147 
.001111111 
.001109878 
.001108647 
.001107420 
.001106195 
.001104972 
.001103753 
.0011025:16 
.001101322 
.001100110 
.001098901 
.001091695 
.001096491 
.001095290 
.001094092 
.001092896 
.001091703 
.00109a513 
.001089325 
.001088139 
.001086957 
.001085776 
.00iaS4599 
.001083423 
.001082261 
.001081081 
.001079914 
.001078749 
.001077586 
.001076426 
I .001075269 
I .001074114 
.001072961 
.001071811 
.001070664 
.001069519 
.001068376 
X)01067236 


2,748.89 601.820.47 
2,752.04 602,695.70 
2,755.18 604,072.50 
2,758.32 605,450.88 
2,761.46 606,830.82 
2,764.60 608,212.34 
2,767.74 609,595.42 

2.770.88 610,980.08 
2,774.03 612.:^06.31 
2,777.17 613,754.11 
2,780.31 615,143.48 
2,783.45 616,534.42 
2,786.59 617,926.93 

2.789.73 619,:i21.01 

2.792.88 620,716.66 
2,796.02 622,113.89 
2,799.16 623,512.68 
2,80‘J.30 624,913.04 
2,805.44 626,314.98 
2,808.58 627,718.49 

2.811.73 629.123.56 
2,814.87 630,530.21 
2,818.01 631.938.43 
2,821.15 633,348.2i 
2,824.29 634,759.68 
2,827.43 6:36,172.51 
2,mJ)8 637,587.01 
2,833.72 639,003.09 
2.836.86 640,420.73 
2,840.00 641,839.95 
2,813.14 643,260.73 
2,846.28 6-1-1,683.09 

2.819.42 646,107.01 
2,852.57 647,532.51 
2,855.71 648,959.58 
2,a58.a5 650,388.22 
2,861.99 651,818.43 
2,865.13 653,250.21 

2.868.27 651,083.56 

2.871.42 056,118.48 
2,874.56 657,554.98 
2,877.70 658,993.04 
2,880.84 660,482.68 
2,883.98 661,873.88 
2.887.12 663,316.66 

2.890.27 664,761.01 
2,893.41 666,206.92 
2,896.55 667,654.41 
2,899.69 609,103.47 
2,902.83 670,554.10 
2,905.97 672,006.30 

2.909.11 673,460.08 
2,912.26 674,915.42 
2,915.40 676.372.33 
2,918.54 677,830.82 
2,921.68 679,290.87 
2,924.82 680,752.50 
2,927.96 682,215.69 

2.931.11 683,680.46 
2,934.25 6aM46.80 
2,937.39 686,614.71 
2,940.53 688,084.19 
2,943.67 689,555.24 
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Table 25. — Squares, Cubes, Square and Cube Roots, Cir- 
CUMFERENCES, AND Areas — (Contmued) 


I Vo. Squall 1 Cube 1 Sq. Boot I Cn. Root EMlproo&l Clromn. j Area 


\ 879,844 

» 881,721 

► 883,600 

885,481 
! 887,364 

1 889,249 

891,136 
I 893,025 
894,916 
896,808 
898,704 
900,601 

902.600 
904,401 
906,804 
908,209 
910,116 
912,025 
913,936 
915,819 
917,764 
919,681 

921.600 
923,521 
925,444 
927,369 
929,296 

931.225 
933,156 
935,089 

937.024 
938,961 
940,900 
942,841 
944,784 
946,729 
948,676 
950,625 
952,576 
954,529 
956,484 
958,441 
960,400 
962,361 
964,324 
966,289 
968,256 

970.225 
972,196 
974,169 
976,144 
978,121 
980,100 
982,081 
984,064 
986,049 
988,036 

990.025 
992,016 
994,009 
996,004 
998,001 

1,000,000 


825,293,672 

827,936,019 

830.584.000 
833,237,621 
835,896,888 
838,561,807 
841,232,384 
843,908,625 
846,590,536 
849,278,123 
851,971,392 
854,670,349 

857.375.000 

860.085.351 
862,801,408 
865,523,177 
868,250,664 
870,983,875 
873,722,816 
876,467,493 
879,217,912 
881,974,079 

884.736.000 
887,503,681 
890,277,128 
893,056,347 
895,841,344 
898,632,125 
901,428,696 
904,231,063 
907,039,232 
909,853,209 

912.673.000 
915,498,611 
918,330,048 
921,167,317 
924,010,424 
926,859,375 
929,714,176 
932,574,833 

935.441.352 
938,313,789 

941.192.000 
944,076,141 
946,966,168 
949,802,087 
952,763,904 
955,671,625 
958,585,256 
961,604,803 
964,430,272 
967,861,669 

970.299.000 
973,242,271 
976,191,488 
979,146,657 
982,107,784 
985,074,875 
988,047,986 
991,026,973 
994,011,992 
997,002,999 

1,000,000,000 


8 9.7889 

1 9.7924 

4 9.7959 

7 9.7993 

0 9.8028 

3 9.8063 

6 9.8097 

9 9.8132 

1 9.8167 

4 9.8201 

6 9.8230 

8 9.8270 

1 9.8305 

3 9.8339 

5 9.8374 I 

7 9.8408 

9 9.8443 

1 9.8477 

2 9.8511 

1 9.8546 

5 9.8580 

7 9.8614 

) 9.8648 

) 9.8683 

L 9.8717 
I 9.8751 
i 9.8785 
i 9.8819 
) 9.8854 

> 9.8888 

J 9.8922 
^ 9.8956 

J 9.8990 

> 9.9024 

> 9.9058 

> 9.9092 

> 9.9126 

> 9.9100 

> 9.9194 

> 9.9228 

> 9.9201 

> 9.9295 

> 9.9329 

> 9.93(J3 

> 9.9396 

; 9.9430 

1 9.9464 

9.9497 
* 9.9531 
■ 9.9565 

' 9.9598 

9.9632 
9.9666 
9.9699 
9.9733 
9.9766 
9.9800 
9.9833 
9.9866 
9.9900 
9.9938 
9.9967 
10.0000 


.001066098 
.001064963 
.001063830 
.001062699 
.001061571 
! .001060445 
.001059322 
.001058201 
.001067082 
.001055966 
.001054852 
.001053741 
.001052632 
.001051526 
.001050420 
.001049318 
.001048218 
.001047120 
.001046025 
.001044932 
.001043841 
.001042753 
.0010^11667 
.0010405»3 
.001039501 
.001038422 
.001037344 
.001036209 
.001035197 
.001034126 
.001033058 
.001031992 
.001030928 
.001029866 
.001028807 
.001027749 
.001026694 
.001025641 
.001024590 
.001023541 
.001022495 
.001021450 
.001020408 
.001019168 
.001018330 
.001017294 
.001016260 
.001015228 
.001014199 
.001013171 
.001012146 
.001011122 
.001010101 
.001009082 
.001008065 
.001007049 
.001006036 
.001005025 
.001004016 
.001003009 
.001002004 
,001001001 
,001000000 


2.946.81 691,027.86 
2,949.96 692.502.08 
2,953.10 693,977.82 
2,956.24 695,455.15 
2,959.38 696,934.06 
2,962.52 698,414.53 
2,965.66 699,896.58 

2.968.81 701,380.19 
2,971.95 702,866.38 
2,975.09 704,352.14 
2,978.23 705,840.47 
2,981.37 707,330.37 
2,984.51 708,821.84 

2.987.65 710,314.88 
2,990.80 711,809.50 
2,993.94 713,305.68 
2,997.08 714,803.43 
3,000.22 716,802.76 
3,003.36 717,803.66 

3.006.50 719,306.12 

3.009.66 720,810.16 
3,012.79 722,315.77 
3,015.93 723,822.95 
3,019.07 725,331.70 
3,022.21 726,842.02 
3,025.35 728,353.91 

3.028.50 729,867.37 
3,031.64 731,382.40 
3,034.78 732,899.01 
3,037.92 734,417.18 
3,041.06 735,936.93 
3,044.20 737,458.24 

8.047.34 738,981.13 
3,050.49 740,605.59 
3,053.63 742,031.62 
3,056.77 743,559.22 
3,059.91 745,088.39 
3,063.05 746,619.13 

8.066.19 748,151.44 

3.069.34 749,685.32 
3,072.48 761,220.78 
3,075.62 752,757.80 
3.078.76 754,296.40 
3,081.90 755,836.56 

3.085.04 757,378.30 

3.088.19 758,921.61 
3,091.33 700,466.48 
3,094.47 762,012.93 
3,097.61 763,660.95 
3,100.75 705,110.54 
3,103.89 766,661.70 

3.107.04 768,214.44 
3,110.18 769,768.74 
3,113.32 771,824.61 
8,116.46 772,882.06 
3,119.60 774,441.07 
3,122.74 776,001.66 
3,125.88 777,663.82 
3,129.03 779,127.64 
8,132.17 780,692.84 
8,135.31 782,259.71 
3,138.45 783,828.16! 
3,141.59 785,396.16 
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Table 20. — Trigonometbic Formulas 



Right Triangles 


a =o 
b « 
c = 
d = 


Bin A = - = ooa B 
c 

cos A » - = sin R 
c 

tan A = X “ 
o 

cot A = - — tan B 
a 


sec .1 = V — cosec B 
b 

coaec .4 — ^ *= sec B 
a 



c c 


exsec .4 


e 

€ 


c sin A = c cos B = h tan A — b cot R = \/c2 — 6^ 
c cos A = c sin B = a cot A — a tan 7? = \/ _ a* 
a _ a b b d e 

sin A cos B sin B cos A vers A exsec A 
c vers A e 


V'n2'+ b'^ 
c exsec A 


Oblique Triangles 
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Table 26. — Trigonometric Formulas 
General Formulas — {Continued) 


Given 
a, h, c 
C, a, h 

A, B, C, a 


Area of Triangle 
Area = Vs (6* — a){s — b){s 
Area = lab sin C 

a^ sin B sin C 


c) 


Area 


2 sin A 


tan A = 
cot A = 



cos^ A = 

vr= 

sin^ A = 

= 2 cos^ 

U - 1 

= 1 — cos A = 1 

1 

sin A 

cot A 

cos A 

1 

_ cos A 


= V'- 


COS 2A 


5 sin^ I A 


cos 2A 


tan A 


— V^c* A — 1 = — 


cos 2A 


sin 2 A 

1 _l_ cQg 2A 

= vtJOsec^ A — 1 = : — x-j 

sin 2 A 


sec A = — j = V 1 + tan^ A. 
cos A 

exsec A = sec A — 1 — tan A tan lA. 

cosec A ~ ~ . - - x = VlT“ cot^ A. 
sm A 

sin {A ± B) = sin A cos B ± sin B cos A. 
cos (A ± i?) = cos A cos 5 ^ sin A sin B. 
sin A + sin B — 2 sin ^(A + J?) cos |(A — B). 
sin A — sin B = 2 cos i(A + B) sin |(A — B). 
cos A + cos B = 2 cos ^(A -f B) cos i(A — B). 
cos A — cos B = —2 sin l(A + B) sin ^A — B). 
7^n^. Function Angles 



0° 

o 

o 

CO 

46*^ 

60° 

90° 

180° 270° 

360° 

stne 

.... 0 

1 

1 

V2 

V3 

2 

1 

0 

-1 

0 

cosine 

.... 1 

V3 

2 

1 

V2 

1 

? 

0 

-1 

0 

1 

tangent 

... 0 

1 

1 

V3 

00 

0 — 00 

0 
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Table 27. — UvSeful Numbers and Formulas 
Ratio of circumference to diameter = tt = 3.14159265. 
Circumference of circle = 2xr. 

180 

1 radian = degrees = 57.29578 degrees. 


1 degree = 7“ radians = 0.0174533 radian, 
lou 

Length of arc = radius X central angle (in radians) = 


irr 


X central angle (in degrees). 


Acceleration due to gravity = 32.2 (approx.). 

1 meter = 39.37 inches = 3.2808 feet. 

1 foot = 0.3048 meter = 12 inches. 

1 square yard = 9 square feet = 144 square inches. 

1 kilometer = 1,000 meters = 0.62137 mile. 

1 mile = 5,280 feet = 1,760 yards = 1.60935 kilometers. 

1 acre = 43,560 square feet = 4,840 square yards. 

Area of : 

Trapezoid: *2 (sum of parallel sides) X (perpendicular height). 
Circle: Trr^, where r = radius. 

Sector of circle: Arc X radius == Jr* X central angle (in 
radians) = 0.0087266r2 X central angle (in degrees). 
^2 

Segment of circle: ^ 
in degrees. 

Ellipse: irab ~ 0.78540 X long diameter X short diameter. 
Parabola: Base X f perpendicular height. 

Volume of: 

Prism or cylinder: Area base X perpendicular height. 
Pyramid or cone: Area base X 1 perpendicular height. 
Frustum of pyramid or cone: (Sum of end areas, Ai and A 2, 
+ square root of their products) X i perpendicular height h 

— (Ai 4“ ^2 + y/ AiA^)^' 


— sin where 0 is central angle 


Sphere: 

Weight of 

Cement = 94 lb. per cubic foot. 
Concrete = 150 lb. per cubic foot. 
Earth = 100 lb. per cubic foot. 
Sand ~ 110 lb. per cubic foot. 
Steel = 490 lb. per cubic foot. 
Water == 62.5 lb. per .cubic foot. 
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Pi 

t) 

O 


P 

0 

« 

O 

Eh 

P 

Ph a 

1 CJ 

O W) 
^ CJ 

W 

w ^ 

H 2 
O ^ 
^ CJ 
. o 


o > 


w 

« 
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Diflf. 

per 

min. 

+0 03' 
+0.07 
+0.20 
+0 90 
-0.50 

-1.90 

-1.07 

-1.03 

-1.00 

r4 

II k 

*^h 

dt^poeop coeot^p© 
00(Nt>-«5 l>>CMOOO 
odddd + + 

++++ 1 Mill 

Of. 

*f5 00'^»-0 OStOC^iOQ 
Oc<jeofcc^ Mc^coico 

O O »-< ‘O «P »-i CM C'l e*3 

QO 

dco-^oo ■^©Tf<*-io 
O'^co»ra»-i co»fS'<rcMeo 

0 

OOMOO^ 03«5b»QOOO 

00 HQ gQ to <0 CO 


Ot^ect-O t^eot^oo 
OOCMX'iO t^CMOOO 

podpc) 

++++I Mill 

«S b.d 
Q aa 

dt^ececp coect^ecp 
o©cmi>-« 3I5 t^woo© 
d d d d d + + ,-1 rn' 
++++ 1 Mill 

Ilk 

CD 

■c«ot-.go«o 0 

oe<»eMO'^ CMOOCMOO 

00’^‘0«0 QO <M <*3 CC e«3 

00 

Ilk 

<I« 

-^o tOOQOCMO 

©•^CMeow cc»eQ*-i»oo 

doCMOO^aj ©OOOOO© 

CO to eo CO P P 

§&l 

coocoeoo eocoocop 
Oi-o(MQOiO OOMi-hOO 
OOOo'o r-ti-lrt,-i»-i 

++++I Mill 


d d d d d + M 1-t 

++++ 1 11 11 1 

Ilk 

<1^5 

^cooeop t^Oi'»cop 
OMCM'^fO T-l-^eOnOO 

doT-iM<t^ PCMCoeo-^t* 

QO «o r~ t'- 

d 
Ilf 
< o 

doCMOO'*^ r-> t>, oo 0> O) 

00 P P © P P 


pr^coop Ocor»pp 
OOClt^O t^CMOOO 

odddd + + 

++++ 1 Mill 

SM 

dt'-iTOt^o r-cor-pp 
©OCMI>-»0 r-(N0©0 

ddodd + + + -,,.4 

+ +++ 1 11 11 1 

II k 

^^COOJifS 00»'-p'C>Q 

OCM'-<CM>-l O’-iOCMCC 

OO»-0xJ<^ 

Ilk 

<lo 

OOO-tJtCJjp T-*PQ<Mp 

Ott-r-<-^© .-<-tt<c5»o© 

0©0<»--H5 

CO o p CO © 

m 

SoSm»§ ScmoSS 
d o d d d + + + + 
++++I 1 1 1 1 1 

nu 

dt;»co©© ©eor-eop 
©coMi'»»o r»eMO©o 

ddddd +++++ 
++++ 1 Mill 

Ilk 

W5 

^OseCiQOp CM^-HCOp 
Ot-iO»cSo 0»«'<t<»00 

dor-seois- eo ^ »o 

00 !>• b- 

11 k 

<ld 

Sg|S3g5^ 
d©c^r«^ ggggg 

nn 

II ® 

SSooS 

odddd ,-t .-H t-H ,-1 T-t 
++++I 1 1 1 1 1 

fs |.§ 

Q 

ko^Sgg S8S8S 
dddod 

_( — 1_ j — 1_ 1 Mill 

ecoop'^io «c>ocMr»o 

Oi-tOe^rt* lOCO’-oCMCQ 

oo r— t-^ 

Ilk 

<h> 

opoSm uSSnSS 

ggggg 

§&l 

ot^r-pp pi^r'-pp 

So»-<o6 55 ob-^ooo 
d d d d d + r-t r.^' »h1 + 

++++I 1 I 1 1 1 

nm 

dt^eoop occt>-e9P 
OO(M0-»ft *>-01000 

ddddd —(■ + + + T-i 
++++ 1 11 11 1 

Ilk 

<!2^ 

k2{828 SS^feg 

OOOCOOQ iMiOfcCiCtD 

00 !>• 

Ilk 

<3 So 

ggggg 

Diff, 

p& 

min. 

SKSSS 

+777 

iH 

igSSKS f: &SS 
ddddd + + + 

++++1 11 11 1 

11^ 

os. 

©OOCMfe £?i«SPSP?* 

Ilk 

<I5e 

dcsit^OP v-iCMOO-fp 
©co-^jc-H© x«<— ieM©o 

do-cog 


ddd+d d++++ 
++++I Mill 

§'M 

igssss SRSSS 

ddddd +-♦— 
++++I 11 11 I 

Ilk 

M»-I00©p ^-oCMOjOOP 
0<-oe*ST-*eo '^CMoft*©© 

doOMt; 

OO iS» r>«. 

nk 

<iU 

kggg^ 

oo-^“5g §§SSS 

i 

riCMW'O^MJ «r«Q0©O 

£ 

v>(e«CQH|i«o «9K«Q0a»© 


Table 28. — Deflections from the P.I. to the 10-Point Circular Curve — {Continued). 

Vernier reads zero on first tangent. 
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Diff, 

per 

min. 

C'jr^OC'JO csO^rC^O 

00<Ny5iCl COC^IOOO 

OOOOO ,-1 1 t-i .-H 

++++ 1 1 1 1 1 1 

Diff. 

per 

min. 

+0,02' 
+ 0.07 
40 18 
40.48 
-0.50 

-1.48 
-1.18 
-1 07 
-1.02 
-1.00 

II § 

05 

'^»nO-fiO cc>o»ocoo 

o T-I -rtl O cC> IX) Cl O »-i 

T-l QO -t< 'C lO X CO 

11 g 
<! 00 

2^.oS8 

o T-l to O. CD (M CO O T-l Cl 

T— 1 CO Tf to to to 

o 

Q ^=^3 

11 g 

QO 

OM-C'lkOO lOCU-CMO 

oocsx»o COCIOOO 

OOOOO .-4 

-f -f-f+ 1 Mill 

H&l 

d O O O d + Ti ri T-i T-l 

4++4-I 11 11 1 

rtllELo^O cSo^^o 

o *— 1 C>0 PO 1 OC/ OTI o 

v-i C/0 »0 CO- 'O CO 

II g 

<1r- 

d 

dto-u^too tocotooo 

d Tji T^i CO CO d’-i'i-i'^O 

Ot-i*OOOcO Idco 

T-l I-— CO Titi to ‘to to 

dl^OOdO (MOOtr-idO 

OO—itotO lOi-HOOO 

ddooo +T-HT-IT-1T-I 
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Table 28. — Deflections from the P.I. to the 10-Point Circular Curve — {Continued). 
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Table 28. — Deflections from the P.I. to the 10- Point Circular Curve — {Continued). 

Vernier reads zero on first tangent. 
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Table 28.~Deflections from the P.I. to the 10-Point Circular OvnY¥^~{Continued). 

Vernier reads zero on first tangent. 
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Table 28. Deflections from the P.I. to the 10-Point Circular Curve — (Continued). 

Vernier reads zero on first tangent. 
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A 

Abutment excavation, 97 
Accidents on highways, 3, 4, 
9, 12 

Adjustments of instruments, 
211-214 

Aesthetic considerations, 23- 
24 

Airplane surveys, 38 
Alignment of highways, 2, 10- 
11 

American Ephemeris, 220 
Angle, intersection, 100 
Annual cost, 17 
Arc excess over chord, 1 1 1-112 
Area, due to widened pave- 
ment, 198-200 
of sections, computations 
on, 86 

use of planimeter in, 85 
of waterway, general con- 
siderations, 50-51 
tables for. Table 17, 326 
Average end area formula, 90 
Axmen, 32 

Azimuth, by direct solar obser- 
vation, 220 

by observation on Polaris, 
226 

B 

Balancing outs and fills, 63-64 
Baldock, R. H., 188 


Banking curves, 184-195 
Bench marks, 40 
Bishop, H. K., 22 
Bonds, 15 
Borings, 56 

Borrow pits, 63, 79, 91-93 
Box cidverts, 98, 100 
Bridge investigations, 52-56 
Bridge layout, 70-78 
Bridge surveys, 52-56 
Broken-back curves, 128-130 
Bruce, A. G., 5 
Bureau of Public Roads, 7, 22, 
196, 207 

Burkli-Zicgler formula for 
waterway, 50-51 
By-pass routes, 9, 19 

G 

California practice, 4, 11, 41 
Capitalized cost, 16 
Care of instruments, 210 
Centrifugal force, 184, 186 
Chainmen, 31 
Change of grade, 141 
Check levels, 40 
Chief of party, duties of, 27, 
30 

Chord lengths, 112, 132 
Classification, of roads, 18 
of materials, 80 
Clover-leaf design, 6 
Compensation for curves, 12 
Compound curves, circular, 
133-137 


417 
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Compound c\irves, spiral and 
circle, 161, 162, 171-172, 
201 

spiralized, 177-180 
Contractor, relations with, 208 
Contours, 36-38 
Conventional terms, 66 
Corrections, of earthwork for 
curvature, 93-96 
for slope, 215 
for spiral deflections, 1 65 
for tangent distances, Table 
lA, 254 

Costs, comparative, 16 
Crandall, C. L., 95 
Critical speeds, 188 
Crosby, W. W., 24 
Crossings, highway, 5 
railroad grade, 47-49 
Cross-section notes, 35 
Cross-section party, 35 
Cross-sections, 62, 73 
Culverts, quantities, 96-100 
surveys, 50, 52 
waterway, 50 

Curves, broken-back, 128-130 
compound, 133-137 
metric, 130-133 
reversed, 137-138 
simple, 105-130 
spiral, 156-183 
vertical, 139-156 
Cut and fill, relation between, 
63 

D 

Deflection angles, simple 
curves, 108, 116-123 
spirals, 164-175 
Degree-of -curve, 106, 112 
Distance, from slope measure- 
ments, 214-216 


Distance, from stadia meas- 
urements, 218 

Double-spiral curve, 163, 168 
Drainage, 22-23 
Duties and responsibilities, of 
the engineer, 207 
of surveying parties, 27, 30- 
36 

E 

Earthwork, area of cross-sec- 
tions, 85-89 
borrow pits, 91-93 
calculation of, 85-88 
correction for curvature, 
93-96 

embankment, 79 
mass diagram, 102-104 
overhaul, 100-101, 104 
shrinkage and swell factors, 
80 

volumes, formulas for, 90 
tables of, 328^. 
Ephemeris, American, 220 
Equalities in stationing, 60 
Excavation record, 75-76 
External distance, definition 
of, 107 

tables of, 38 1^^. 

F 

Field equipment, care of, 210 
Field parties, 27, 30, 31, 32, 
35, 36 

Ford (Rock Island Lines), 8 
Foundations for bridges, 75 
Free haul of earthwork, 101 
French drains, 22 
Friction of tires on pavement, 
186 
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Functions of curves, definition 
of, 10r>-108 

of hip;hway organizations, 
207 
Funds, 15 

G 

Grade line on profile, 63 

Grade point, 64 

Grade separation, 43-47 

(jrade stakes, 64 

Grades and grade angles, 2, 12 

Grading, 79, 81 

Guard rails, 13 

H 

Haul and overhaul, 100-101, 
104 

Ileadwalls, flared, 98 
straight, 98 

High point in vertical curve, 
149 

Highway accidents, 3, 4, 9, 12 
Highway financing, 15 
Highway intersections, 4-8, 
42 

Highway location, 1 
Highway safety, 3-14 
Horizontal parabolic curves, 
139-140 

I 

Inaccessible P. I., 127-128 
Indiana practice, 175 
Inner and outer curves, 126, 
127, 181, 196 

Inspector, duties of, 208-209 
Instruments, adjustments of, 
211-214 
care of, 210 


Intersection angle, 106 
Intersections, highway, 5 
railroad, 43-49 

J 

James, E. W., 7 
K 

K. and E. Co., 228 

L 

Length of curve, circular, 108 
spiral, 156, 158, 160, 161, 
189 

vertical, 141, 151-153 
Level, adjustments of, 213, 
214 

Level board, 34 
Level notes, 33 
Level party, 27 
Levels, check, 40 
datum, 40, 54, 55 
Ijocating department, 36 
Location, of circular curve, by 
deflections, 116-123 
by offsets, 123-126 
final, 57 

importance of, 1, 2 
on paper, 40-42 
of parabola, by offsets, 
139-149 

of spiral, by deflections, 
164-175, 176 
by offsets, 175 
Location surveys, 67-61 
Losch, A. R., 24 

M 

Maps, 40 

Maryland practice, 62-66, 70, 
97, 207 
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Mass diagram, 102-104 
Metric curves, 128-130 
Missouri practice, 194, 207 
Minutes in decimals of a 
degree, Table 23, 380 

N 

Natural sines and cosines, 
Table 20, 333 

Natural tangents and cotan- 
gents, Table 21, 345 
Natural versines and external 
secants, Table 22, 357 
New York practice, 13, 81 
Note books, 00 
Notes, for contour survews, 
3(>-38 

on cross-section, 02 
on drainage and bridge sur- 
vey, 52-50 
level, 33 
on plans, 67, 68 
on profile, 68 
right-of-way, 01 
soil and material, 61 
soimdings, 66 

transit, location surveys, 
58-59 

preliminary surveys, 28- 
29 

Numbers, squares, cubes, etc., 
Table 25, 389 

O 

Offsets, to circle, 123-126 
inner edge of widened pave- 
ment, 202 

to parabola, 139-149 
to spiral, 175 
Ohio practice, 23, 43-49 


Osculating circle, 157 
Overhaul, 100, 101, 104 

P 

Paper location, 40-42, 57 
Parabolic curves, horizontal, 
139-140 

vertical, 139-155 
Piling, 56, 70-78 
Pipe culverts, 98, 99 
Plans, 6< — 09 

Polaris at elongation, 226-230 
Prelinjinary survey, definition, 
27 

fi(4d parties, 27, 30-32 
form of notes, 28-29 
maps, 40 
methods, 27 

Prismoid, definition of, 90 
Prismoidal correction, 91 
Prismoidal formula, 90 
Prisms, tmneated, 92 
Profile, 68, 69 

Projection, methods of stak- 
ing, 41-42 

Public, relations with, 209 

R 

Radii of curves, Table 3, 258 
Railroad crossings, 8, 47—49 
Railroad grade separations, 8, 
43-47 

Railroad location, 25 
Reconnaissance report, 26 
Reconnaissance survey, 25, 26 
Referencing, 39-40, 64, 60 
Restrictions on highway loca- 
tion, 18 

Reversed curves, 137-138 
Right-of-way, how acquired, 
21 
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Right-of-way, notes oq, 61-02 
width of, 20 

Roadbed sections, 81, 82 
Roadside beautification, 24 
Roadside planting, 24 
Roadside safeguards, 13 
Rodmen, duties of, 31, 32 

S 

Safeguards, 13 
Safety, 3-14 
Scales, 40, 67 
Section, irregular, 87 
level, 88 

passing from cut to fill, 85 
roadbed, 81, 82 
side-hill, 83, 89 
three-level, 88 
typical, 67 

Separated roadways, 8 
Shoulders, 13 

Shrinkage of earthwork, 80 
Side slopes, 81 
Sight distance, 9, 151-164 
Signs, warning, 13 
Simple curves, 105-130 
Sines and cosines. Table 20, 333 
Site, crossing, plan of, 45 
Slope board, 34 
Slope stakes, 82, 84 , 85 
Snow control, 22 
Soil and materials, notes of, 61 
Solar observations, 220 
Soundings, 56 
Special surveys, 65 
Specifications, 208 
Speed, 15, 188 
Spiral, 156-183 
and circle, 161 
Spiral angle, 160, 161 
Spiral functions, 161, 162 


Spiral notation, 156-158 
Spiralized circular curve, off- 
set, 159-161 

unoffset, 162, 171, 172, 201 
Spiralized compound curve, 
177- 180 

Si)iralized reversed curve, 180- 
181 

Stadia distances, Table 24, 
381 

Stadia method, 215-217 
Stadia surveys, 38, 218-219 
Stakeman, dutic's of, 31 
Stakes, construction, 64 
grade, 65 
size, 70 

slope, 82, 84, 85 
Staking, bridges, 71 
the projection, 41-42 
Stationing, 31 
Subsidenc.e, 80 
Substructures, 70-78 
Superelevation, 184-195 
Surveying parties, duties of 
27, 30-36 

Swell of rock excavation, 80 
T 

Talbot’s formula for water- 
way, Table 17, 326 
Tangent distances, for circular 
curves, Table 1, 231 
for double spiral, Table 11^ 
312 

Tangents and cotangents, 
Table 21, 345 
Tile drains, 23 
Topographer, duties of, 32 
Topography, notes, 30-32 
party, 32 
Traffic circle, 5, 6 
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Transit, adjustments of, 212 
notes, 
party, 27 

Transition spirals, 11, 156-183 
Transitrnan, duties of, 30 
Transportation, of instru- 
ments, 210 
Triangulation, 73 
rrigonometric forrpulas. Table 
26, 405 

True meridian, 30, 220- 230 
Turning point, elevation of, 
140-150 
position of, 149 
Typical sections, 67 

U 

Ultimate plan, 21 
Unit curve, 109-111 
Unoffset circular curve, HI- 
172, 201 

Unspiralized circular curve, 
203 

Unsymmetrical vertical curve, 
147 

Useful numbers and formulas, 
Table 27, 407 


V 

Versines and external secants. 
Table 22, 357 

Vertical curves, formulas for, 
142, 144, 147, 148 
high point of, 149 
length of, 141, 151-153 
low point of, 150 
when to use, 63 
Visibility, 9, 24, 151-154 
Volumes of earthwork, aver- 
age-end areas, 90 
prismoidal formula, 90 
Voshell, James, 196 

W 

Waterway, Burkli-Zieglcr for- 
mula, 50-51 

for culverts and bridges, 
50-51 

Talbot’s formula. Table 17, 
326 

Webb, W. L., 95 
Widening curves, 196-206 
Width of bridges, 14 
of pavements, 14 
of roads, 9, 20 
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